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(54) LIGHT-EXPOSURE DEVICE AND LIGHT-EXPOSURE METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light- 
exposure method capable of enhancing the 
throughput and deciding the size of a substrate stage 
irrespective of a base line amount. 
SOLUTION: For example, while a pattern image of a 
mask R is exposed to lights via a projection optical 
system PL on a substrate W held by a stage WS2, a 
location relations between a positioning mark on the 
substrate W held by a stage WS1 and a reference 
point on the stage WS1 is measured. After the 
substrate W held by the stage WS2 is completed 
being exposed to lights, under a state that a 
reference point on the stage WS1 is positioned in a 
projection region of the projection optical system PL, 

location deviations of the reference point on the stage WS1 with respect to a specific 
reference point in the projection region and a coordinate location of the stage WS1 at the 
time of detecting the location deviations are detected. Thereafter, movements of the stage 
WS1 are controlled based on the detection results, and the substrate W held by the stage 
WS1 is positioned to the pattern image of the mask R. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the exposure approach which exposes the image of the pattern formed in the mask on 
an induction substrate through projection optics. Hold an induction substrate and two independently 
movable substrate stages are respectively prepared for the inside of the same flat surface. The pattern 
image of said mask is exposed through said projection optics on the induction substrate held on one 
substrate stage of said two substrate stages. During exposure of the induction substrate held on one 
[ said ] substrate stage, the physical relationship of the alignment mark on the induction substrate 
held on the substrate stage of another side of said two substrate stages and the reference point on the 
stage of said another side is measured. After exposure termination of the induction substrate held on 
one [ said ] substrate stage, the reference point on the substrate stage of said another side in the 
condition of having positioned in the projection field of said projection optics The coordinate 
location of a location gap of the origin/datum on the substrate stage of said another side to the 
predetermined origin/datum in the projection field and the substrate stage of said another side is 
detected. The exposure approach characterized by performing alignment of the induction substrate 
which controlled migration of the substrate stage of said another side based on said detected physical 
relationship, said detected location gap, and said detected coordinate location, and was held on the 
stage of said another side, and the pattern image of said mask. 

[Claim 2] It is the aligner which exposes a pattern on an induction substrate through projection 
optics. Said projection optics is established independently, an induction substrate ~ holding - the 
inside of a two-dimensional flat surface - the movable 1st substrate stage and; induction substrate - 
holding - the inside of the same flat surface as said 1st substrate stage -- said 1st substrate stage - 
the independently movable 2nd substrate stage and; - Interferometer systems for measuring the two- 
dimensional location of the alignment system for detecting the mark on the induction substrate held 
on said substrate stage or on this stage, the 1st substrate stage of; above, and the 2nd substrate stage, 
respectively; each of said two substrate stages The 1st predetermined location in the stage successive 
range at the time of the exposure to which exposure is performed through said projection optics to 
the induction substrate held on this stage, By said alignment system On a stage Or the migration 
means to which it is made to move between the 2nd predetermined location in the stage successive 
range at the time of the alignment to which mark detection on the induction substrate held on this 
stage is carried out; while the induction substrate held on one stage of said 1st substrate stage and the 
2nd substrate stages is exposed So that mark detection actuation by said alignment system may be 
performed on the stage of another side of said 1st substrate stage and the 2nd substrate stages The 
aligner which has the control means which controls said migration means and replaces the location 
of one [ said ] substrate stage and the substrate stage of another side after controlling actuation of 
said two stages, carrying out the monitor of the measurement value of said interferometer systems. 
[Claim 3] It is the aligner according to claim 1 characterized by to equip said interferometer systems 
with the 1st length measurement shaft and the 2nd length measurement shaft which cross at right 
angles to mutual focusing on projection of said projection optics, and the 3rd length measurement 
shaft and the 4th length measurement shaft which cross at right angles to mutual focusing on 
detection of said alignment system, and to reset the length-measurement shaft of said interferometer 
systems in case said control means replaces the location of the stage of said one side and another 
side. 
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[Claim 4] It is the aligner which exposes a pattern on an induction substrate through projection 
optics. Said projection optics is established independently, an induction substrate — holding — the 
inside of a two-dimensional flat surface - the movable 1st substrate stage and; induction substrate — 
holding -- the inside of the same flat surface as said 1st substrate stage - said 1st substrate stage - 
the independently movable 2nd substrate stage and; - Interferometer systems for measuring the two- 
dimensional location of the alignment system for detecting the mark on the induction substrate held 
on said substrate stage or on this stage, the 1st substrate stage of; above, and the 2nd substrate stage, 
respectively; each of said two substrate stages The 1 st predetermined location in the stage successive 
range at the time of the exposure to which exposure is performed through said projection optics to 
the induction substrate held on the stage, The 2nd predetermined location in the stage successive 
range at the time of the alignment to which mark detection on the induction substrate held by said 
alignment system on a stage or on this stage is carried out, The migration means to which delivery of 
an induction substrate is carried out between a substrate stage and an external substrate conveyance 
device, and it is made to move among 3 points of the 3rd location of****; The location of one stage 
of said 1st substrate stage and the 2nd substrate stages is managed by said interferometer systems. 
While a pattern is exposed through said projection optics by the induction substrate held on one 
[ this ] stage Said 1st substrate stage And the alignment actuation which measures the physical 
relationship of exchange of an induction substrate and the alignment mark on said induction 
substrate, and the reference point on the stage of said another side based on the detection result of 
said alignment system and the measurement value of said interferometer systems on the stage of 
another side of the 2nd substrate stages While controlling said two substrate stages and said 
migration means to be carried out one by one The aligner which has the control means which 
controls said two stages and said migration means so that the actuation performed on said two stages 
may interchange, after both actuation of said two stages is completed. 

[Claim 5] The aligner according to claim 4 with which the image of the pattern which has fiirther the 
mask with which the pattern was formed and was formed in said mask is characterized by carrying 
out projection exposure at the induction substrate on said 1st substrate stage and the 2nd substrate 
stage through projection optics. 

[Claim 6] The 1st length measurement shaft and the 2nd length measurement shaft with which said 
interferometer systems cross at right angles to mutual focusing on projection of said projection 
optics, It has the 3rd length measurement shaft and the 4th length measurement shaft which cross at 
right angles to mutual focusing on detection of said alignment system. Said control means The 
aligner according to claim 5 characterized by resetting the 1st and 2nd length measurement shaft of 
said interferometer systems in the case of migration in said 1st location, and resetting the 3rd and 4th 
length measurement shaft of said interferometer systems about each of said two stages in the case of 
migration in said 2nd location. 

[Claim 7] The aligner according to claim 6 characterized by having further a mark location detection 
means to detect the relative-position relation between the projection core of the pattern image of said 
mask, and the reference point on said stage through said mask and said projection optics. 
[Claim 8] It has the substrate attachment component which said each substrate stage is carried free 
[ attachment and detachment ] on a stage body and this body, and holds a substrate. The reflector for 
interferometers is established in the side face of this substrate attachment component, and a reference 
mark is formed in the top face of said substrate attachment component as said reference point. An 
aligner given in claim 2 to which said migration means is characterized by moving said substrate 
attachment component between said every place points instead of said substrate stage thru/or any 1 
term of 7. 

[Claim 9] Said migration means is an aligner given in claim 2 characterized by being constituted by 
the robot arm thru/or any 1 term of 8. 

[Claim 10] An aligner given in claim 2 characterized by attaching in said projection optics and said 
alignment system the fixed mirror which serves as criteria of length measurement by the 
interferometer, respectively thru/or any 1 term of 9. 

[Claim 1 1] It is an aligner given in claim 2 characterized by holding the induction substrate other 
than said 1st substrate stage and the 2nd substrate stage, and these stages having further at least one 
another, independently movable substrate stage for the inside of said two same flat surfaces as a 
substrate stage thru/or any 1 term of 1 0. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the exposure approach and an aligner, and relates to 
aligners, such as drawing equipment which carries out direct writing of the pattern on an induction 
substrate by the charged-particle line of a laser beam, and an electron ray and others etc., for 
manufactures, such as the exposure approach which exposes the mask pattern used in more detail in 
case a semiconductor device, a liquid crystal display component, etc. are manufactured at a 
lithography process on an induction substrate through projection optics and an aligner or a 
semiconductor device, and a mask for semiconductor device manufacture. This invention has the 
description at the point of having two or more substrate stages holding an induction substrate. 
[0002] 

[Description of the Prior Art] Although various aligners are conventionally used when 
manufacturing a semiconductor device or a liquid crystal display component at a photolithography 
process In current, a photo mask or the pattern image of a reticle (it is hereafter named a "reticle" 
generically) Generally the projection aligner imprinted on substrates (an "induction substrate" or a 
"wafer" is called suitably hereafter), such as a wafer with which sensitization material, such as a 
photoresist, was applied to the front face through projection optics, or a glass plate, is used. The so- 
called contraction projection aligner (the so-called stepper) of the step-and-repeat method which lays 
an induction substrate on a freely movable substrate stage two-dimensional, is made to carry out 
stepping (stepping) of the induction substrate by this substrate stage as this projection aligner in 
recent years, and repeats the actuation which carries out sequential exposure of the pattern image of 
a reticle to each shot field on an induction substrate is in use. 

[0003] Comparatively many projection aligners (for example, scanning aligner which was indicated 
by JP,7-176468,A) of step - which added amelioration to quiescence mold aligners, such as this 
stepper, and - scanning method have also recently come to be used. It has the equalization 
effectiveness by carrying out the relative scan of a reticle and the wafer to ** projection optics which 
can expect a high throughput by reduction of the shots per hour by large field exposure, and has a 
merit with the expectable improvement in distortion or the depth of focus while manufacture of 
projection optics is easy for it, since the projection aligner of this step - and - scanning method can 
expose the large field by smaller optical system compared with ** stepper. 

[0004] In this kind of projection aligner, it is necessary to perform alignment (alignment) of a reticle 
and a wafer with high precision in advance of exposure. In order to perform this alignment, on the 
wafer, the mark for location detection (alignment mark) formed at the former photolithography 
process (exposure imprint) is prepared, and the exact location of a wafer (or circuit pattern on a 
wafer) can be detected by detecting the location of this alignment mark. 

[0005] Although there is a thing of the on-axis method which divides roughly and performs mark 
detection through a projection lens as an alignment microscope which detects an alignment mark, 
and the off axis method which performs mark detection without a projection lens, in the projection 
aligner using the excimer laser which will become the future mainstream, the alignment microscope 
of an off axis method is the optimal. Since amendment of chromatic aberration is made to exposure 
light, this a projection lens As opposed to the error by chromatic aberration becoming very big, even 
if in the case of an on-axis it cannot condense alignment light or is able to condense the alignment 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



1/22/2007 



JP,10-163099,A [DETAILED DESCRIPTION] 



Page 2 of 17 



microscope of an off axis method It is because a free optical design's being possible and various 
alignment systems can be used, without taking such chromatic aberration into consideration, since it 
is prepared apart from the projection lens. For example, a phase-contrast microscope, a differential 
interference microscope, etc. can be used. 

[0006] By the way, the flow of the processing in this kind of projection aligner has become like size 
Yoji. 

[0007] ** The wafer load process which loads a wafer on a wafer table using a wafer loader is 
performed first, and the so-called search alignment is performed by being based on a wafer 
appearance subsequently etc. 

[0008] ** Next, the fine alignment process which asks for the location of each shot field on a wafer 
correctly is performed. Generally as for this fine alignment process, an EGA (en hunger strike global 
alignment) method is used. This method Choose two or more sample shots in a wafer, and sequential 
measurement of the location of the alignment mark (wafer mark) attached to the sample shot 
concerned is carried out. Based on this measurement result and the design value of a shot array, the 
statistics operation by the so-called least square method etc. is performed. It can ask for all the shot 
array data on a wafer, and can ask for the coordinate location of each shot field comparatively with 
high precision by the high throughput (reference, such as JP,61-44429,A). 
[0009] ** Next, the exposure process which imprints the pattern image of a reticle on a wafer 
through projection optics is performed, carrying out sequential positioning of each shot field on a 
wafer in an exposure location based on the coordinate location of each shot field for which it asked 
with the EGA method mentioned above, and the amount of base lines measured beforehand. 
[0010] ** Next, the wafer unload process to which the unload of the wafer on the wafer table by 
which exposure processing was carried out is carried out using a wafer unloader is performed. This 
wafer unload process is performed to the wafer load process and coincidence of the above-mentioned 
**. That is, a wafer exchange process is constituted by ** and **. 

[001 1] thus - the conventional projection aligner - wafer exchange (search alignment is included) - 
> fine alignment -> exposure -> wafer exchange - like three actuation is greatly performed 
repeatedly using one wafer stage. 
[0012] 

[Problem(s) to be Solved by the Invention] It is requested inevitably that the throughput, i.e., a 
throughput, whether it can carry out exposure processing of the wafer of the number of sheets of 
which in fixed time amount since the projection aligner mentioned above is used mainly as mass- 
production machines, such as a semiconductor device, should be raised. 

[0013] Although it is necessary about this to shorten the time amount which each actuation takes 
from three actuation mentioned above being performed sequentially with the present projection 
aligner for the improvement in a throughput, since 1 actuation is only performed to one wafer, the 
wafer exchange (search alignment is included) of the effectiveness of an improvement is 
comparatively small. Moreover, in case the EGA method mentioned above is used for the time 
amount which fine alignment takes, it can be shortened by lessening the number of samplings of a 
shot or shortening the measurement time amount of a shot simple substance, but since alignment 
precision is made to deteriorate on the contrary, these things cannot shorten the time amount which 
fine alignment takes easily. 

[0014] Therefore, although it will be said that it is the most effective in order for it to be 
improvement in a throughput to shorten conclusively the time amount which exposure takes 
Although the pure wafer exposure time and the stage stepping time between shots are included in 
this exposure actuation in the case of the stepper and it becomes indispensable that the quantity of 
light of the light source is large at compaction of the wafer exposure time In this kind of projection 
aligner, as important conditions besides the above-mentioned throughput side There are resolution, 
** depth of focus (DOF:Depth of Forcus), ** line breadth control precision, etc. ** Resolution R 
When exposure wavelength is set to lambda and numerical aperture of a projection lens is made into 
N.A. (Numerical Aperture), it is proportional to lambda/N.A., and the depth of focus DOF is 
lambda/2 (N.A.). It is proportional. For this reason, it is the bright line (g lines) of the extra-high 
pressure mercury lamp which it is required for wavelength to be also short as the light source, and 
was used conventionally. It is said that the excimer laser previously described as what satisfies the 
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requirements for both that power is large compared with i line etc., and it is short wavelength 
becomes the future mainstream, wavelength is shorter than this, the quantity of light is large, and the 
light source suitable as the light source of an aligner is not considered at a present stage. Therefore, 
when using excimer laser as the light source, the improvement in the above throughput can seldom 
be expected, but there is a limitation also in improvement in the throughput by the device of the light 
source. 

[0015] On the other hand, the improvement in full speed and the highest acceleration having un- 
arranged [ of being easy to cause degradation of the positioning accuracy of a stage ], although the 
full speed of the stage holding a wafer and the highest acceleration needed to be raised for 
compaction of the stage stepping time between shots. In addition, although compaction of the 
exposure time of a wafer is possible for the case of a scanning projection aligner like step - and - 
scanning method by gathering the relative scan speed of a reticle and a wafer, since the improvement 
in a relative scan speed tends to cause degradation of synchronous precision, a scan speed cannot be 
gathered easily. Therefore, it is necessary to raise the controllability of a stage. 
[0016] However, it is not easy to raise the controllability of a stage with the equipment using an off- 
axis alignment microscope like the projection aligner using the excimer laser which will become the 
mainstream especially from now on. At namely, the time of exposure of the mask pattern which 
minds projection optics in this kind of projection aligner In order to manage the location of a wafer 
stage correctly without an Abbe error in both times of alignment and to realize highly precise 
superposition It is necessary to set up so that the length measurement shaft of a laser interferometer 
may pass along the projection core of projection optics, and the detection core of an alignment 
microscope, respectively. And since it is necessary to make it both the length measurement shaft 
which passes along the projection core of said projection optics by both with the inside of the 
successive range of the stage at the time of alignment in the successive range of the stage at the time 
of exposure, and the length measurement shaft passing through the detection core of an alignment 
microscope not go out, It is because a stage is enlarged inevitably. 

[0017] As mentioned above, by the technique of shortening the time amount which each actuation of 
three actuation mentioned above takes, it is difficult to raise a throughput without any demerit, and 
looked forward to the appearance of the new technique which raises a throughput by technique 
different from this. 

[0018] This invention was made under this situation, and the purpose of invention according to claim 
1 is to offer the exposure approach that the magnitude of a substrate stage can be defined regardless 
of the amount of base lines while being able to raise a throughput. 

[0019] Moreover, claim 2 thru/or the purpose of invention given in 1 1 are to offer the aligner which 

can raise a throughput. 

[0020] 

[Means for Solving the Problem] If three actuation mentioned above, i.e., wafer exchange, (search 
alignment is included), fine alignment, and two or more actuation of the exposure actuation can be 
processed in [ that it is also partial ] concurrency, it will be thought compared with the case where 
these actuation is performed sequentially that a throughput can be raised. This invention was made 
paying attention to this viewpoint, and following approaches and configurations are used for it. 
Namely, invention according to claim 1 is the exposure approach which exposes the image of the 
pattern formed in the mask (R) on an induction substrate (W) through projection optics (PL). An 
induction substrate (W) is held. Prepare two independently movable substrate stages (WS1, WS2) 
for the inside of the same flat surface respectively, and said projection optics (PL) is minded on; 
induction substrate (W) held on one substrate stage (WS1 or WS2) of said two substrate stages 
(WS1, WS2). During exposure of the induction substrate (W) which exposed the pattern image of 
said mask (R) and was held on; aforementioned one substrate stage (WS1 or WS2) After exposure 
termination of the induction substrate which measured the physical relationship of the alignment 
mark on the induction substrate (W) held on the substrate stage (WS2 or WS1) of another side of 
said two substrate stages, and the origin/datum on the stage (WS2 or WS1) of said another side, and 
was held on; aforementioned one substrate stage In the condition of having positioned in the 
projection field of said projection optics (PL), the reference point on the substrate stage of said 
another side The physical relationship by which detected the coordinate location of a location gap of 
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the origin/datum on the substrate stage of said another side to the predetermined origin/datum in the 
projection field, and the substrate stage of said another side, and the; aforementioned detection was 
carried out, Based on said detected location gap and said detected coordinate location, migration of 
the substrate stage of said another side is controlled, and it is characterized by performing alignment 
of the induction substrate held on the stage of said another side, and the pattern image of said mask. 
[0021] While exposure of the pattern image of said mask (R) is performed through said projection 
optics (PL) on the induction substrate (W) held on one substrate stage (WS1 or WS2) of the two 
substrate stages (WS1, WS2) according to this ** The physical relationship of the alignment mark on 
the induction substrate (W) held on the substrate stage (WS2 or WS1) of another side of the two 
substrate stages and the reference point on the stage (WS2 or WS1) of another side is measured. 
Thus, since exposure actuation by the side of one substrate stage and alignment actuation by the side 
of the substrate stage of another side (measurement of the physical relationship of the alignment 
mark on the induction substrate held on the substrate stage of another side and the reference point on 
the stage of another side) can be performed in parallel, it is possible to aim at improvement in a 
throughput compared with the conventional technique in which these actuation was performed 
sequentially. 

[0022] and the condition positioned the reference point on the substrate stage (WS2 or WS1) of said 
another side in the projection field of projection optics (PL) after exposure termination of the 
induction substrate held on one above-mentioned substrate stage — ** - a location gap and ** of the 
reference point on the substrate stage of another side to the predetermined reference point in the 
projection field - the coordinate location of the substrate stage of another side at the time of the 
location gap detection is detected. Based on the physical relationship of which ** detection was 
done, the location gap of which ** detection was done, and the coordinate location of which ** 
detection was done, migration of the substrate stage (WS2 or WS1) of another side is controlled after 
that, and alignment of the induction substrate held on the stage of another side and the pattern image 
of said mask is performed. 

[0023] For this reason, the interferometer which manages the location of the substrate stage 
concerned at the time of physical relationship detection with the predetermined origin/datum on the 
substrate stage of another side of**, and the alignment mark on an induction substrate (or system of 
coordinates), ** There is nothing, any [ even when the interferometer (or system of coordinates) 
which manages the location of the stage in the case of location gap detection of** and detection of 
the coordinate location of a substrate stage is the same, even if it differs ] - inconvenient -- 
Alignment of the pattern image of a mask and the induction substrate carried in the substrate stage of 
said another side can be performed with high precision. 

[0024] Therefore, when [ for example, ] the alignment system of an off axis is used as a mark 
detection system which detects an alignment mark, The predetermined reference point in the 
projection field of projection optics (projection core of the pattern image of a mask), and the physical 
relationship based on [ of an alignment system ] detection, Namely, since measurement of the 
amount of base lines becomes unnecessary, and there is no un-arranging even if projection optics and 
an alignment system are greatly separated as a result The magnitude of a substrate stage can be set 
up regardless of the amount of base lines, and even if it lightweight[ small and ]-izes a substrate 
stage, any pattern which minded mark location measurement and projection optics to the whole 
surface of an induction substrate can be exposed that there is nothing inconvenient. In this case, it is 
not influenced by the amount of base lines of fluctuation. 

[0025] Invention according to claim 2 is an aligner which exposes a pattern on an induction substrate 
(W) through projection optics (PL). Hold an induction substrate (W) and the movable 1st substrate 
stage (WS1) and; induction substrate (W) are held for the inside of a two-dimensional flat surface. 
The inside of the same flat surface is independently established in the 2nd substrate stage (WS2) 
where said 1st substrate stage (WS1) is independently movable, and the; aforementioned projection 
optics (PL) as said 1st substrate stage (WS1). On said substrate stage (WS1, WS2) Or interferometer 
systems for measuring the two-dimensional location of the alignment system (WA) for detecting the 
mark on the induction substrate (W) held on this stage, the 1st substrate stage of; above, and the 2nd 
substrate stage, respectively (26); each of said two substrate stages The 1st predetermined location in 
the stage successive range at the time of the exposure to which exposure is performed through said 
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projection optics to the induction substrate held on this stage, By said alignment system On a stage 
or the migration means (20 — ) to which it is made to move between the 2nd predetermined location 
in the stage successive range at the time of the alignment to which mark detection on the induction 
substrate held on this stage is carried out While the induction substrate held on one stage of 22), the; 
1st substrate stage, and the 2nd substrate stages is exposed So that mark detection actuation by said 
alignment system (WA) may be performed on the stage of another side of said 1 st substrate stage 
and the 2nd substrate stages After controlling actuation of said two stages, carrying out the monitor 
of the measurement value of said interferometer systems (26), it has the control means (28) which 
controls said migration means (20 22) and replaces the location of one [ said ] substrate stage and the 
substrate stage of another side. 

[0026] While the induction substrate held on one stage is exposed by the control means (28) 
according to this, so that mark detection actuation by the alignment system (WA) may be performed 
on the stage of another side After actuation of two stages is controlled carrying out the monitor of the 
measurement value of interferometer systems (26), a migration means (20 22) is controlled and 
exchange of the location of one substrate stage and the substrate stage of another side is performed. 
For this reason, by parallel processing of the exposure actuation by the side of one substrate stage, 
and the alignment actuation by the side of the stage of another side, while improvement in a 
throughput is possible If it is made to exchange an induction substrate on the substrate stage located 
after exchange of a location in the 2nd location Actuation of both stages is replaced, and while the 
induction substrate held on the stage of another side is exposed, it becomes possible to perform mark 
detection actuation by the alignment system (WA) in parallel on one stage. 
[0027] Invention according to claim 3 is set to an aligner according to claim 2. Said interferometer 
systems (26) The 1st length measurement shaft (Xe) and the 2nd length measurement shaft (Ye) 
which cross at right angles to mutual focusing on projection of said projection optics (PL), It has the 
3rd length measurement shaft (Xa) and the 4th length measurement shaft (Ya) which cross at right 
angles to mutual focusing on detection of said alignment system (WA). Said control means (28) In 
case the location of the stage of said one side and another side is replaced, it is characterized by 
resetting the length measurement shaft (Xe, Ye, Xa, Ya) of said interferometer systems (26). 
[0028] The 1st length measurement shaft (Xe) and the 2nd length measurement shaft (Y e) with 
which interferometer systems (26) cross at right angles to mutual focusing on projection of 
projection optics (PL) according to this, From having the 3rd length measurement shaft (Xa) and the 
4th length measurement shaft (Ya) which cross at right angles to mutual focusing on detection of an 
alignment system (WA) The location of a substrate stage (WS1 , WS2) is correctly manageable 
without the error of ABBE at the time of any at the time of exposure of the pattern to the induction 
substrate top through projection optics, and detection of the location detection mark by the alignment 
system. Moreover, in case a control means (28) replaces the location of the stage of one side and 
another side Since the length measurement shaft (Xe, Ye, Xa, Ya) of interferometer systems (26) is 
reset, even if the length measurement shaft of the interferometer systems which had managed the 
location of each substrate stage till then on the occasion of exchange of a location once goes out If 
the location which resets the length measurement shaft (Xe, Ye, Xa, Ya) of interferometer systems 
(26) is beforehand set to the position, it will become possible after reset to manage the location of the 
1st and 2nd substrate stage using the measurement value of the reset length measurement shaft. 
[0029] Invention according to claim 4 is an aligner which exposes a pattern on an induction substrate 
(W) through projection optics (PL). Hold an induction substrate (W) and the movable 1st substrate 
stage (WS1) and; induction substrate (W) are held for the inside of a two-dimensional flat surface. 
Said projection optics (PL) is established independently, the inside of the same flat surface as said 
1st substrate stage (WS1) - said 1st substrate stage -- the independently movable 2nd substrate stage 
(WS2) and; - Interferometer systems for measuring the two-dimensional location of the alignment 
system (WA) for detecting the mark on the induction substrate held on said substrate stage or on this 
stage, the 1st substrate stage of; above, and the 2nd substrate stage, respectively (26); each of said 
two substrate stages The 1st predetermined location in the stage successive range at the time of the 
exposure to which exposure is performed through said projection optics (PL) to the induction 
substrate (W) held on the stage, The 2nd predetermined location in the stage successive range at the 
time of the alignment to which mark detection on the induction substrate held by said alignment 
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system (WA) on a stage or on this stage is carried out, The location of one stage of the migration 
means (20 22) and the; 1st substrate stage (WS1) to which delivery of an induction substrate is 
performed between a substrate stage and an external substrate conveyance device, and it is made to 
move among 3 points of the 3rd location of ****, and the 2nd substrate stages (WS2) Said 
interferometer systems While a pattern is exposed through said projection optics (PL) by the 
induction substrate (W) which was managed by (26) and held on one [ this ] stage Said 1st substrate 
stage On the stage of another side of the 2nd substrate stages, and an induction substrate Exchange of 
(W) And said induction substrate (W) So that alignment actuation which measures the physical 
relationship of the upper alignment mark and the reference point on the stage of said another side 
based on the detection result of said alignment system (WA) and the measurement value of said 
interferometer systems (26) may be performed one by one While controlling said two substrate 
stages (WS1, WS2) and said migration means (20 22) After both actuation of said two stages is 
completed, it has the control means (28) which controls said two stages and said migration means so 
that the actuation performed on said two stages may interchange. 

[0030] According to this, the location of one substrate stage is managed by interferometer systems 
by the control means. While a pattern is exposed through projection optics by the induction substrate 
held on one [ this ] substrate stage On the substrate stage of another side, exchange of an induction 
substrate (W) And the induction substrate after the exchange (W) So that alignment actuation which 
measures the physical relationship of the upper alignment mark and the reference point on the stage 
of another side based on the detection result of an alignment system (WA) and the measurement 
value of interferometer systems (26) may be performed one by one Two substrate stages (WS1, 
WS2) and a migration means (20 22) are controlled. For this reason, much more improvement in a 
throughput is possible by parallel processing with exchange of the induction substrate by the side of 
the exposure actuation by the side of one substrate stage, and the stage of another side, and 
alignment actuation. In this case, since exchange of an induction substrate is performed in the 3rd 
different location from the 1st location and the 2nd location, this exchange can be performed in a 
location different from an alignment system and projection optics, and there is also no un-arranging 
[ that an alignment system and projection optics become the hindrance of exchange of an induction 
substrate ]. 

[0031] Moreover, in both control means, after actuation of two stages is completed, so that the 
actuation performed on two stages may interchange From controlling two stages and migration 
means, after termination of the two above-mentioned stages of operation this - then, while the 
induction substrate held on the stage of another side is exposed, it becomes possible to perform mark 
detection actuation by the alignment system (WA) in parallel on one stage. 
[0032] In this case, although direct writing of the pattern may be carried out with an electron beam 
on an induction substrate, using for example, an electronic lens-barrel as projection optics The mask 
(R) with which the pattern was formed like invention according to claim 5 is prepared further. The 
projection exposure of the image of the pattern formed in said mask (R) may be made to be carried 
out at the induction substrate (W) on said 1st substrate stage (WS1) and the 2nd substrate stage 
(WS2) through projection optics (PL). 

[0033] Invention according to claim 6 is set to an aligner according to claim 5. Said interferometer 
systems (26) The 1st length measurement shaft (Xe) and the 2nd length measurement shaft (Ye) 
which cross at right angles to mutual focusing on projection of said projection optics (PL), It has the 
3rd length measurement shaft (Xa) and the 4th length measurement shaft (Ya) which cross at right 
angles to mutual focusing on detection of said alignment system (WA). Said control means (28) 
About each of said two stages (WS1, WS2), the 1st and 2nd length measurement shaft (Xe and Ye) 
of said interferometer systems (26) is reset in the case of migration in said 1st location. It is 
characterized by resetting the 3rd and 4th length measurement shaft (Xa and Ya) of said 
interferometer systems (26) in the case of migration in said 2nd location. 
[0034] The 1st length measurement shaft (Xe) and the 2nd length measurement shaft (Ye) with 
which interferometer systems (26) cross at right angles to mutual focusing on projection of 
projection optics (PL) according to this, From having the 3rd length measurement shaft (Xa) and the 
4th length measurement shaft (Ya) which cross at right angles to mutual focusing on detection of an 
alignment system (WA) The location of a substrate stage (WS1, WS2) is correctly manageable 
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without the error of ABBE at the time of any at the time of exposure of the pattern to the induction * 
substrate top through projection optics, and detection of the location detection mark by the alignment 
system. A control means (28) moreover, about each of two stages (WS1, WS2) The 1st and 2nd 
length measurement shaft (Xe and Ye) of interferometer systems (26) is reset in the case of 
migration in the 1st location. From resetting the 3rd and 4th length measurement shaft (Xa and Ya) 
of interferometer systems (26) in the case of migration in the 2nd location The length measurement 
shaft needed in each actuation before exposure initiation and alignment measurement initiation also 
about which substrate stage is resettable. Even if the length measurement shaft of the interferometer 
systems which had managed the location of each substrate stage till then once goes out, it becomes 
possible after reset to manage the location of both the stages at the time of alignment using the 
measurement value of the reset length measurement shaft at the time of exposure. 
[0035] In this case, it is desirable like invention according to claim 7 to have further a mark location 
detection means (52A, 52B) to detect the relative-position relation between the projection core of the 
pattern image of said mask (R) and the reference point on said stage through said mask (R) and said 
projection optics (PL). In this case, when a substrate stage (WS1, WS2) is positioned in the location 
where detection of the predetermined origin/datum on a substrate stage (18) and the physical 
relationship based on [ of a mask pattern image ] projection is attained in the projection field of 
projection optics (PL) The physical relationship of the projection core of the pattern image of a mask 
(R) and the reference point on a substrate stage is detectable through a mask (R) and projection 
optics (PL) with a mark location detection means (52A, 52B). It is desirable that the location where 
detection of the predetermined reference point on a substrate stage (18) and the physical relationship 
based on [ of a mask pattern image ] projection is attained in the projection field of projection optics 
(PL) is defined as the 1st location in this case, and it is made to perform reset of the 1st and 2nd 
length measurement shaft in this location. 

[0036] In each above-mentioned invention said each substrate stage (WS1, WS2) like invention 
according to claim 8 A stage body (WSla, WS2a), It has the substrate attachment component 
(WSlb, WS2b) which is carried free [ attachment and detachment ] on this body (WSla, WS2a), and 
holds a substrate. The reflector for interferometers is established in the side face of this substrate 
attachment component (WSlb, WS2b), and it is a reference mark (it WM(s)) as said reference point 
in the top face of said substrate attachment component. When RM) is formed, you may make it said 
migration means (20 22) move said substrate attachment component between said every place points 
instead of said substrate stage. 

[0037] [ in these cases ] moreover, as a migration means Among 3 points of the 1st location, the 2nd 
location, and the 3rd location (or between the 1st location and the 2nd location) an interferometer 
measurement value - **** for monitors - as long as it moves a substrate stage or a substrate 
attachment component without things, what kind of thing may be used, for example, the migration 
means may be constituted by the robot arm (20 22) like invention according to claim 9. 
[0038] Moreover, in each above-mentioned invention, although the fixed mirror used as the criteria 
of length measurement of interferometer systems may be arranged anywhere, it may attach in said 
projection optics (PL) and said alignment system (WA) the fixed mirror (14X, 14Y, 18X, 18Y) 
which serves as criteria of length measurement by the interferometer, respectively like invention 
according to claim 10. In this case, compared with the case where a fixed mirror is in other locations, 
it is hard to produce an error in a length measurement result under the effect of location fluctuation 
of the fixed mirror resulting from location fluctuation of a fixed mirror with time or vibration of 
equipment. 

[0039] In each above-mentioned invention, although only two, the 1st substrate stage and the 2nd 
substrate stage, were prepared, like invention according to claim 1 1, the induction substrate other 
than said 1st substrate stage (WS1) and the 2nd substrate stage (WS2) may be held, and these stages 
may prepare further at least one another, independently movable substrate stage for the inside of said 
two same flat surfaces as a substrate stage. 
[0040] 

[Embodiment of the Invention] 

« - 1st operation gestalt» the 1st operation gestalt of this invention is hereafter explained based 
on drawing 1 thru/or drawing 4 . 
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[0041] The configuration of the aligner 100 concerning the 1st operation gestalt is shown in drawing 
I . This aligner 100 is a contraction projection mold aligner (the so-called stepper) of a step-and- 
repeat method. 

[0042] The reticle stage RST where this projection aligner 100 holds the reticle R as an illumination 
system IOP and a mask, The projection optics PL which projects the image of the pattern formed in 
Reticle R on the wafer W as an induction substrate Wafer W is held. A base 12 top as the movable 
1st substrate stage in the secondary XY direction The interferometer systems 26 which hold the ** 
wafer stage WS 1 and Wafer W, and measure each location of the wafer stages WS1 and WS2 of 2 
or 2 wafer stages WS as the movable 2nd substrate stage for a base 12 top in the XY two- 
dimensional direction independently in the wafer stage WS 1, It has the main control unit 28 grade as 
a control means which consists of the minicomputer (or microcomputer) constituted including CPU, 
ROM, RAM, an I/O interface, etc., and carries out generalization control of the whole equipment. 
[0043] Said illumination system IOP consists of the light sources (a mercury lamp or excimer laser) 
and an illumination-light study system which consists of a fly eye lens, a relay lens, a condensing 
lens, etc. This illumination system IOP illuminates the pattern of the inferior surface of tongue 
(pattern formation side) of Reticle R by uniform illumination distribution by the illumination light IL 
for the exposure from the light source. Here, as illumination light IL for exposure, excimer laser 
light, such as the bright lines, such as i line of a mercury lamp, or KrF, ArF, etc. is used. 
[0044] On the reticle stage RST, Reticle R is being fixed through a fixed means by which it does not 
illustrate, and the minute drive of this reticle stage RST is enabled by the non-illustrated drive 
system in X shaft orientations (the space rectangular cross direction in drawing 1 ), Y shaft 
orientations (space longitudinal direction in drawing 1 ), and the direction (hand of cut within XY 
side) of theta. Thereby, this reticle stage RST can position Reticle R now in the condition that the 
core (reticle center) of the pattern of Reticle R is mostly in agreement with the optical axis Ae of 
projection optics PL (reticle alignment). The condition that this reticle alignment was performed is 
shown by drawing 1 . 

[0045] Projection optics PL is made into Z shaft orientations to which the migration side of a reticle 
stage RST and the optical axis Ae cross at right angles, and what is a both-sides tele cent rucksack 
here, and has the predetermined contraction scale factor beta (beta is 1/5) is used. For this reason, 
where alignment (alignment) of the pattern of Reticle R and the shot field on Wafer W is performed, 
if Reticle R is illuminated by the illumination light IL with a uniform illuminance, the pattern of a 
pattern formation side will be reduced by projection optics PL for the contraction scale factor beta, it 
will be projected on the wafer W with which the photoresist was applied, and the contraction image 
of a pattern will be formed in each shot field on Wafer W. 

[0046] With this operation gestalt, moreover, in the side face by the side of the X shaft orientations 1 
of projection optics PL (left-hand side in drawing 1 ) X fixed mirror 14X used as the criteria of X 
shaft-orientations location management at the time of exposure of the wafer stages WS1 and WS2 is 
fixed. Similarly in the side face by the side of the Y shaft orientations 1 of projection optics PL 
(space back side in drawing 1 ) Y fixed mirror 14Y used as the criteria of Y shaft-orientations 
location management at the time of exposure of the wafer stages WS1 and WS2 is being fixed (refer 
to drawing 3 V 

[0047] The non-illustrated gas hydrostatic bearing is prepared in the base of said wafer stages WS1 
and WS2, respectively, and surfacing support of the wafer stages WS1 and WS2 is carried out by 
these gas hydrostatic bearings through the path clearance of several micron (micrometer) extent in 
the base 12 upper part, respectively between base 12 top faces. Mirror plane processing is performed 
to the field by the side of the X shaft orientations 1 of these wafer stages WS1 and WS2 (left-hand 
side in drawing 1 ), and the field by the side of the Y shaft orientations 1 (space back side in drawing 
I ), respectively, and the reflector which functions as a migration mirror for reflecting the length 
measurement beam from interferometer systems 26 is formed in them, respectively. 
[0048] Moreover, the magnet is being fixed to the base of the wafer stages WS1 and WS2, 
respectively, and, as for the wafer stages WS1 and WS2, it moves in the XY two-dimensional 
direction in a base 12 top according to the electromagnetic force generated by the drive coil which is 
not illustrated [ which was embedded in the predetermined range in the base (specifically the 
predetermined field near the projection optics PL lower part and the predetermined field near the 
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alignment microscope WA lower part) ]. That is, the so-called MUBINGU magnet type as a driving 
means of the wafer stages WS1 and WS2 of linear motor is constituted by the magnet of the wafer 
stage WS 1 and WS2 base, and the drive coil embedded in the base 12. The drive current of the drive 
coil of this linear motor is controlled by the main control unit 28. 

[0049] On the wafer stages WS [ WS1 and ] 2, Wafer W is held by vacuum adsorption etc. through 
the non-illustrated wafer holder, respectively. Moreover, on these wafer stages WS [ WS1 and ] 2, 
the reference mark plates FM1 and FM2 with which the front face becomes the same height as the 
front face of Wafer W are being fixed, respectively. As shown in the top view of drawing 2 , the 
mark WM for measuring under the wafer alignment microscope WA later mentioned in that 
longitudinal direction center section is formed in the front face of one reference mark plate FM 1, 
and the mark RM of the pair used for relative location measurement with Reticle R through 
projection optics PL at the longitudinal direction both sides of this mark WM is formed in it. The 
completely same marks WM and RM also as this are formed also on the reference mark plate FM 2 
of another side. 

[0050] Furthermore, with this operation gestalt, the alignment microscope WA of the off-axis 
method as an alignment system which detects the mark for location detection (alignment mark) 
which was formed in the direction of about 45 degrees at predetermined distance, and was formed in 
the location distant 3000mm from projection optics PL to XY shaft at Wafer W is formed. The level 
difference is made to Wafer W by exposure to a front layer, and process processing, the mark for 
location detection for measuring the location of each shot field on a wafer (alignment mark) is also 
included in it, and this alignment mark is measured under the alignment microscope WA. 
[0051] As an alignment microscope WA, the so-called alignment microscope of the FIA (field Image 
Alignment) system of an image-processing method is used here. According to this, after the 
illumination light emitted from the light source which is not illustrated [ which emits broadband 
illumination light, such as a halogen lamp, ] passes a non-illustrated objective lens, it irradiates on 
Wafer W (or the reference mark plate FM). The reflected light from the wafer mark field which is 
not illustrated [ of the wafer W front face ] carries out the sequential transparency of an objective 
lens and the non-illustrated index plate, and image formation of the image of a wafer mark and the 
image of the index on an index plate is carried out on image pick-up sides, such as non-illustrated 
CCD. The photo-electric-conversion signal of these images is processed by the digital disposal 
circuit which is not illustrated in the signal-processing unit 16, the relative position of a wafer mark 
and an index is computed by the non-illustrated arithmetic circuit, and this relative position is told to 
a main control unit 28. In a main control unit 28, the location of the alignment mark on Wafer W is 
computed based on this relative position and the measurement value of interferometer systems 26. 
[0052] moreover, in the side face by the side of the X shaft orientations 1 of the alignment 
microscope WA (left-hand side in drawing 1 ) X fixed mirror 18X used as the criteria of X shaft- 
orientations location management at the time of alignment actuation of the wafer stages WS1 and 
WS2 is fixed. Y fixed mirror 18Y used as the criteria of Y shaft-orientations location management at 
the time of exposure actuation of the wafer stages WS1 and WS2 is being similarly fixed to the side 
face by the side of the Y shaft orientations 1 of the alignment microscope WA (space back side in 
drawing 1 ). 

[0053] In addition, as an alignment microscope, it is not only a FIA system but LIA (Laser 
Interferometric Alignment). Other optical alignment systems, such as a system and a LSA (Laser 
Step Alignment) system, of course Other optical equipments, such as a phase-contrast microscope 
and a differential interference microscope, STM (Scanning Tunnel Microscope: scanning tunneling 
microscope) which detects the irregularity of the atomic level on the front face of a sample using the 
tunnel effect, and the force between atoms (attraction and repulsive force) are used. It is also possible 
to use non-optical equipments, such as AFM (Atomic Force Microscope: atomic force microscope) 
which detects the irregularity of the atomic molecule level on the front face of a sample, etc. 
[0054] Furthermore, in the projection aligner 100 of this operation gestalt, the reticle alignment 
microscopes 52 A and 52B as a mark location detection means for observing the image of reference 
mark RM on the reference mark plate FM through projection optics PL and the reticle alignment 
mark on Reticle R (illustration abbreviation) to coincidence are formed above Reticle R. The 
detecting signals SI and S2 of the reticle alignment microscopes 52A and 52B are supplied to a main 
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control unit 28. In this case, unitization of the deviation mirrors 54A and 54B for leading the 
detection light from Reticle R to the reticle alignment microscopes 52A and 52B, respectively is 
carried out to each reticle alignment microscopes 52A and 52B concerned in one, and the 
microscope units 56A and 56B of a pair are constituted. Initiation of an exposure sequence evacuates 
these microscope units 56A and 56B to the location which is not applied to a reticle pattern side with 
the mirror driving gear which is not illustrated by the command from a main control unit 28. 
[0055] Next, the interferometer systems 26 of drawing 1 which manages the location of the wafer 
stages WS1 and WS2 are explained in full detail. 

[0056] As shown in drawing 3 , in fact these interferometer systems 26 1st laser interferometer 26Xe 
for X shaft-orientations location measurement, Although constituted including 2nd [ for Y shaft- 
orientations location measurement ] laser interferometer 26Ye, 3rd laser interferometer 26Xa for X 
shaft-orientations location measurement, and 4th laser interferometer 26Ya for Y shaft-orientations 
location measurement, in drawing 1 , these are typically illustrated as interferometer systems 26. 
[0057] While 1st laser interferometer 26Xe projects the reference beam Xe 1 of X shaft orientations 
which pass along the projection core of projection optics PL to X fixed mirror 14X The length 
measurement beam Xe 2 is projected to the reflector of a wafer stage (WS1 or WS2), and the 
variation rate of the wafer stage reflector over fixed mirror 14X is measured based on the 
interference condition that the reflected light of these two beams was made to pile up and interfere in 
one. 

[0058] Moreover, while 2nd laser interferometer 26Ye projects the reference beam Yel of Y shaft 
orientations which pass along the projection core of projection optics PL to Y fixed mirror 14Y The 
length measurement beam Ye2 is projected to the reflector of a wafer stage (WS1 or WS2), and the 
variation rate of the wafer stage reflector over fixed mirror 14Y is measured based on the 
interference condition that the reflected light of these two beams was made to pile up and interfere in 
one. 

[0059] Moreover, while 3rd laser interferometer 26Xa projects the reference beam Xal of X shaft 
orientations which pass along the detection core of the alignment microscope WA to X fixed mirror 
18X The length measurement beam Xa2 is projected to the reflector of a wafer stage (WS1 or WS2), 
and the variation rate of the wafer stage reflector over fixed mirror 1 8X is measured based on the 
interference condition that the reflected light of these two beams was made to pile up and interfere in 
one. 

[0060] Moreover, while 4th laser interferometer 26Ya projects the reference beam Yal of Y shaft 
orientations which pass along the detection core of the alignment microscope WA to Y fixed mirror 
18Y The length measurement beam Ya2 is projected to the reflector of a wafer stage (WS1 or WS2), 
and the variation rate of the wafer stage reflector over fixed mirror 1 8Y is measured based on the 
interference condition that the reflected light of these two beams was made to pile up and interfere in 
one. 

[0061] The length measurement shaft of 1st laser interferometer 26Xe which consists of the 
reference beam Xe 1 and the length measurement beam Xe 2 here The 1st length measurement shaft 
Xe The 2nd length measurement shaft of laser interferometer 26 Ye which consists of the reference 
beam Yel and the length measurement beam Ye2 The 2nd length measurement shaft Ye, The 3rd 
length measurement shaft of laser interferometer 26Xa which consists of the reference beam Xal and 
the length measurement beam Xa2 The 3rd length measurement shaft Xa, When the 4th length 
measurement shaft of laser interferometer 26Ya which consists of the reference beam Yal and the 
length measurement beam Ya2 shall be called the 4th length measurement shaft Ya, the 1st length 
measurement shaft Xe and the 2nd length measurement shaft Ye Focusing on projection of 
projection optics PL (an optical-axis Ae core and coincidence), it crosses perpendicularly, and the 
3rd length measurement shaft Xa and the 4th length measurement shaft Ya cross perpendicularly 
focusing on detection of the alignment microscope WA. The location of a wafer stage can be 
correctly measured by each measurement shaft orientations, without influencing this of the Abbe 
error by yawing of a wafer stage etc. at the time of measurement of the mark for location detection 
on Wafer W (alignment mark), and exposure of the pattern to Wafer W top so that it may mention 
later. In addition, it is much more desirable as the above 1st thru/or the 4th laser interferometer to use 
. the heterodyne interferometer of two frequencies in order to raise the accuracy of measurement. 
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[0062] The measurement value of return and interferometer systems 26 is supplied to drawing 1 at a 
main control unit 28, and in a main control unit 28, position control of the wafer stages WS1 and 
WS2 is carried out through the linear motor mentioned above, carrying out the monitor of the 
measurement value of these interferometer systems 26. 

[0063] While exposure of the reticle pattern which minded projection optics PL to the wafer W on 
the wafer stages [ WS / WS and / 2 ] 1 is performed in the case of the operation gestalt of **** 1 so 
that clearly also from drawing 3 The location of a wafer stage is managed by the 1st, 2nd laser 
interferometer 26Xe, and 26Ye. While measurement of the mark for location detection on Wafer W 
(alignment mark) is performed by the alignment microscope WA, the location of a wafer stage is 
managed by 3rd and 4th laser interferometer 26Xa and 26Ya. However, since each length 
measurement shaft stops hitting the reflector of each wafer stage after exposure is completed, or after 
measurement of an alignment mark is completed, location management of the wafer stage by 
interferometer systems 26 becomes difficult. 

[0064] for this reason, in the projection aligner 100 of this operation gestalt The 3rd location shown 
by the imaginary line in drawing 3 in the wafer stage WS 1, and the 2nd location shown as a 
continuous line in drawing 3 , The 1st robot arm 20 as a migration means to which it is made to 
move free among 3 points with the 1st location in which the wafer stage WS 2 is located in drawing 
3 , The 2nd robot arm 22 as a migration means to which the wafer stage WS 2 is similarly moved 
free among 3 points of the 1st location of the above, the 2nd location, and the 3rd location is formed. 
These [ 1st ] and the 2nd robot arm 20 and 22 are also controlled by the main control unit 28, and the 
position control precision of the wafer stage of these [ 1st ] and the 2nd robot arm 20 and 22 has 
become about **1 micrometer in general. In order to realize the above-mentioned position control 
precision certainly, it combines a vertical-movement pin as shown with Signs 24A and 24B in 
drawing 3 as a stopper, and you may make it prepare it, although detailed explanation is omitted 
since the owner articulated robot arm of a well-known configuration is used as these robot arms 20 
and 22. 

[0065] When the 3rd location, the 2nd location, and the 1st location are explained briefly, here with 
the 3rd location The wafer exchange location in which delivery of Wafer W is performed between 
the conveyance arms 50 and wafer stages (WS1, WS2) which constitute a part of external substrate 
conveyance device is meant. The 2nd location After loading of Wafer W is completed, the location 
of arbitration where it is the location where alignment is performed to the wafer W on a wafer stage, 
and both the 3rd length measurement shaft Xa and the 4th length measurement shaft Ya hit the 
reflector of a wafer stage is meant. The 1st location means the location of arbitration where it is the 
location where exposure is performed to the wafer W on a wafer stage, and both the 1st length 
measurement shaft Xe and the 2nd length measurement shaft Ye hit the reflector of a wafer stage, 
after the alignment of a wafer is completed. 

[0066] As mentioned above, with this operation gestalt, the location shown in drawing 3 shall be 
defined as the 1st location, the 2nd location, and the 3rd location, respectively, but the 2nd location 
is good also considering the location where what kind of location may be defined, for example, the 
mark WM on the reference mark plate FM becomes in the detection field of the alignment 
microscope WA as the 2nd location, if the above-mentioned definition satisfies. Similarly, the 1st 
location is also good also considering the location where what kind of location may be defined, for 
example, the mark RM on the reference mark plate FM becomes in the projection field of projection 
optics PL as the 1st location, if the above-mentioned definition is satisfied. 
[0067] Next, the flow of overall actuation of the projection aligner 100 of this operation gestalt 
constituted as mentioned above is explained. 

[0068] ** As a premise, the wafer stage WS 1 shall be located in the 3rd location, and the wafer 
stage WS 2 shall be located in the 1st location. 

[0069] First, wafer exchange is performed between the wafer stage WS 1 and the conveyance arm 
50. detailed, since this wafer exchange is performed by the pin center,large rise on the wafer stage 
WS 1 (wafer rise device), and the conveyance arm 50 as usual here — it explains - although it 
******, since the positioning accuracy of a robot arm is **1 or less urn in general as stated 
previously, also let positioning accuracy of the conveyance arm 50 be a thing almost comparable as 
this. In advance of this wafer exchange, outline positioning is made in X, Y, and the direction of 
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theta by non-illustrated PURIARAIMENTO equipment, and, as for Wafer W, the load location to a 
wafer stage top does not shift greatly, for example, the load location of the wafer W to the reference 
mark plate FM 1 has also become in the error range of **1 or less above urn. 
[0070] During this wafer exchange, although the location is not managed with a laser interferometer, 
since the 1st robot arm 20 has caught the wafer stage WS 1, the wafer stage WS 1 does not produce 
un-arranging [ of going to the place where the wafer stage WS 1 is selfish ]. In addition, while being 
caught by the 1st robot arm 20, the linear motor which drives the wafer stage WS 1 shall have 
stopped (it is the same as below). 

[0071] After wafer exchange (loading of the wafer W to the wafer stage WS 1 top) is completed, in a 
main control unit 28, the 1st robot arm 20 is controlled, the wafer stage WS 1 is moved to the 2nd 
location shown as a continuous line in drawing 3 , and 3rd and 4th laser interferometer 26Xa and 
26Ya are reset to coincidence in this location, since the 1st robot arm 20 finishes a duty here after 
this reset is completed -- this - the 1st robot arm 20 shunts in the location which leaves the wafer 
stage WS 1 by the non-illustrated drive system according to the directions from a main control unit 
28, and does not become obstructive. 

[0072] With a main control unit 28, position control is carried out through the linear motor which 
mentioned the wafer stage WS 1 above so that the mark WM on the reference mark plate FM 1 on 
the wafer stage WS 1 might be positioned in the detection field of the alignment microscope WA 
after above 3rd and 4th laser interferometer 26Xa and reset termination of 26 Ya, carrying out the 
monitor of the measurement value of interferometer 26Xa and 26Ya. The positioning accuracy to the 
2nd location by the 1st robot arm 20 here Since **1 or less urn is possible in general and the 
interferometer length measurement shaft is reset like the above-mentioned in this 2nd location Based 
on a design value (relative-position relation on a design with the reflector of the wafer stage WS 1, 
and the mark WM on a reference mark plate), position control is possible at the resolving power of 
about 0.01 micrometers after that. As a result, the wafer stage WS 1 is positioned in precision 
sufficient for the mark WM measurement under the alignment microscope WA. In addition, when 
the mark WM on the reference mark plate FM I on the wafer stage WS 1 sets the 2nd location as the 
location positioned in the detection field of the alignment microscope WA, since migration of the 
wafer stage WS 1 after the above-mentioned interferometer reset is unnecessary, it is much more 
desirable in respect of a throughput. 

[0073] Next, under the alignment microscope WA, the location (deltaWX and delta WY) of the mark 
WM on the reference mark plate FM 1 on the basis of the detection core (index core) of this 
alignment microscope WA is measured, and the average (X0 and Y0) of 3rd [ under this 
measurement ] and 4th laser interferometer 26Xa and the measurement value of 26Ya is calculated 
in a main control unit 28. When the measurement value of laser interferometer 26Xa and 26 Ya 
shows (XO-deltaWX and YO-deltaWY) by this, it turns out that the mark WM on the reference mark 
plate FM 1 is just under the detection core (index core) of the alignment microscope WA. A series of 
actuation after above 3rd and 4th laser interferometer 26Xa and reset of 26Ya shall be called W-SET 
to below. 

[0074] Thus, while wafer exchange, interferometer reset, and a series of actuation of W-SET are 
performed on one wafer stage WS 1, the following actuation is performed on the wafer stage WS 2 
of another side. 

[0075] That is, the wafer stage WS 2 is moved to the 1st location by the 2nd robot arm 22 like the 
above-mentioned, and point-to-point control to this 1st location is also performed in the precision of 
**1 or less um. In a main control unit 28, the 1st, 2nd laser interferometer 26Xe, and 26Ye are reset 
at the same time migration of the wafer stage WS 2 in this 1st location is completed. 
[0076] since the 2nd robot arm 22 finishes a duty here after reset of this 1st [ the ], 2nd laser 
interferometer 26Xe, and 26Ye is completed - this ~ the 2nd robot arm shunts in the location which 
leaves the wafer stage WS 2 by the non-illustrated drive system according to the directions from a 
main control unit 28, and does not become obstructive. 

[0077] Next, the location of the wafer stage WS 2 is controlled by the main control unit 28 through a 
linear motor to be positioned in the location where the mark RM on the reference mark plate FM 2 
laps with the reticle alignment mark (illustration abbreviation) currently formed in Reticle R through 
projection optics in the projection field of projection optics PL, carrying out the monitor of the 
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measurement value of laser interferometer 26Xe and 26Ye. In this case, the positioning accuracy to 
the 1st location by the 2nd robot arm 22 Since **1 or less urn is possible in general and the 
interferometer length measurement shaft is reset like the above-mentioned in this 1st location Based 
on a design value (relative-position relation on a design with the reflector of the wafer stage WS 2, 
and the mark RM on the reference mark plate FM 2), position control is possible at the resolving 
power of about 0.01 micrometers after that. As a result, the wafer stage WS 2 is positioned under the 
reticle alignment microscopes 52A and 52B in sufficient precision required to observe a reticle 
alignment mark and the mark RM on the reference mark plate FM to coincidence. 
[0078] Under the reticle alignment microscopes 52 A and 52B, next, relative spacing of the reticle 
alignment mark on Reticle R, and the mark RM on the reference mark plate FM 2 (delta RX, delta 
RY), Namely, the location gap (deltaRX and deltaRY) with the reference mark RM core which is an 
origin/datum on the wafer stage WS 2 to the projection core of the pattern image of the reticle R as a 
predetermined origin/datum in the projection field of projection optics PL is measured. In a main 
control unit 28, the measurement value (XI and Yl) of laser interferometer 26Xe at that time and 
26Ye is read at the same time it incorporates the measurement value of these reticle alignment 
microscopes 52 A and 52B. Thereby, it turns out that the location where the measurement value of 
laser interferometer 26Xe and 26 Ye serves as (XI -deltaRX, Yl -deltaRY) is a location with which a 
reticle alignment mark and the mark RM on the reference mark plate FM 2 lap through projection 
optics PL exactly. A series of actuation after reset of the above 1st, 2nd laser interferometer 26Xe, 
and 26Ye shall be called R-SET to below. 

[0079] ** Next, wafer alignment by the side of the wafer stage WS 1 and exposure by the side of the 
wafer stage WS 2 are performed in parallel. 

[0080] Namely, after 3rd [ which was mentioned above ] and 4th laser interferometer 26Xa and reset 
of 26Ya The location of the wafer stage WS 1 is managed based on the measurement value of laser 
interferometer 26Xa and 26Ya. Measurement of the mark (alignment mark) location for location 
detection of the specific sample shot beforehand defined among two or more shot fields on Wafer W 
in the main control unit 28 Sequential migration of the wafer stage WS 1 is carried out through a 
linear motor, carrying out the monitor of the measurement value of interferometer 26Ya and 26Xa, 
and it carries out on system of coordinates (Xa, Ya) based on the output of the alignment microscope 
WA. In this case, since the measurement value (XO-deltaX and YO-deltaY) of an interferometer in 
case the mark WM on the reference mark plate FM 1 comes just under the detection core of the 
alignment microscope WA can be found, In order to position each alignment mark on Wafer W in 
the detection field of the wafer alignment microscope WA based on this value and the design value 
of the relative position of a reference mark WA and each alignment mark, laser interferometer 26 Ya, 
It is called for by the operation whether the measurement value of 26Xa(s) should just move the 
wafer stage WS 1 to the location which shows which value, and sequential migration of the wafer 
stage WS 1 is carried out based on this result of an operation. 

[0081] Although it is sufficient for the alignment of X, Y, and theta of Wafer W if two X 
measurement marks and one Y measurement mark (or one X measurement mark and two Y 
measurement marks) are measured also at the lowest, measurement of three or more X measurement 
marks which are not on a straight line, and three or more Y measurement marks which are not on a 
straight line shall be performed as an EGA sample shot here. 

[0082] And the statistics operation by least square method which is indicated by JP,6 1 -44429, A etc. 
is performed using the alignment mark (wafer mark) location of each of this measured sample shot, 
and the array data of the shot field on a design, and it asks for all the array data of the above- 
mentioned two or more shot field on Wafer W. However, as for a count result, it is desirable to take 
the value (XO-deltaX and YO-deltaY) and difference of an interferometer when the mark WM on the 
reference mark plate FM 1 for which it asked previously comes directly under the detection core of 
the alignment microscope WA, and to change into the data on the basis of the reference mark WA on 
the reference mark plate FM 1. Thereby, the relative physical relationship of the mark WM on the 
reference mark plate FM 1 and the reference point of each shot field on Wafer W makes it the need, 
and is fully known. 

[0083] Thus, in parallel to fine alignment (EGA) being performed by the wafer stage WS 1 side, 
superposition exposure with the pattern image of Reticle R and the established pattern of the shot 
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field on Wafer W is performed as follows by the wafer stage WS 2 side. 

[0084] Namely, the measurement result of the location gap error above-mentioned in a main control 
unit 28 and the coordinate location of the wafer stage WS 2 at that time (Xe, Ye), It is based on the 
array coordinate data of each shot on the basis of the reference mark WA on the reference mark plate 
FM 2 currently beforehand computed like the above by alignment actuation. Sequential exposure of 
the reticle pattern is carried out on Wafer W by the step-and-repeat method, carrying out closing 
motion control of the shutter in an illumination-light study system positioning each shot field on 
Wafer W in an exposure location carrying out the monitor of the measurement value of 
interferometer 26Ye and 26Xe. The exposure to the wafer W on the wafer stage WS 2 is preceded 
here. In spite of having reset interferometer 26Xe and 26Ye (the length measurement shaft of an 
interferometer having once run out) When the reason in which highly precise superposition is 
possible is explained in full detail, spacing of the mark WM on the reference mark plate FM 2 and 
Mark RM is known. The relative physical relationship of the mark WM on the reference mark plate 
FM 2 and the reference point of each shot field on Wafer W is computed like the above-mentioned 
by the fine alignment (EGA) performed in advance of this. [ where / on Reticle R / the reticle 
alignment mark on Reticle R exists, and ] Since (namely, relative-position relation with the mark 
RM which are the projection core (it is mostly in agreement with the projection core of projection 
optics PL) of the pattern image of the reticle which is a predetermined origin/datum in the projection 
field of projection optics PL, and an origin/datum on the wafer stage WS 2) is measured, it is based 
on these measurement results. It is because it is clear whether wafer W top each shot field laps with 
the pattern image of Reticle R exactly if the measurement value of the 1st, 2nd laser interferometer 
26Xe, and 26Ye turns into which value. 

[0085] ** After fine alignment (EGA) is completed by the wafer stage WS 1 side as mentioned 
above and the exposure of a reticle pattern to all the shot fields on Wafer W is completed by the 
wafer stage WS 2 side, move the wafer stage WS 1 to the 1st location of the lower part of projection 
optics PL, and move the wafer stage WS 2 to the 3rd location which is a wafer exchange location. 
[0086] That is, the wafer stage WS 1 is caught by the 1st robot arm 20 according to the directions 
from a main control unit 28, and is moved to the 1st location. Point-to-point control to this 1st 
location is also performed in the precision of **1 or less um. In a main control unit 28, the 1st, 2nd 
laser interferometer 26Xe, and 26Ye are reset at the same time migration of the wafer stage WS 1 in 
this 1st location is completed. 

[0087] since the 1st robot arm 20 finishes a duty here after this reset is completed this - the 1st 
robot arm 20 shunts in the location which leaves the wafer stage WS 1 by the non-illustrated drive 
system according to the directions from a main control unit 28, and does not become obstructive. 
[0088] Next, in a main control unit 28, R-SET is performed like the wafer stage WS 2 side described 
previously. By this Relative spacing of a reticle alignment mark and the mark RM on the reference 
mark plate FM 1 (deltaRX and deltaRY), namely, as a predetermined reference point in the 
projection field of projection optics PL The stage coordinate location (XI and Yl) at the time of the 
location gap (deltaRX and deltaRY) with the reference mark RM core which is a reference point on 
the wafer stage WS 2 to the projection core of the pattern image of the ** reticle R, and this location 
gag measurement is measured, 

[0089] While interferometer reset and R-SET are performed as mentioned above by the wafer stage 
WS 1 side According to the directions from a main control unit 28, the 2nd robot arm 22 catches the 
wafer stage WS 2 which exposure actuation ended. The wafer stage WS 2 is moved to a wafer 
delivery location (the 3rd location) for wafer exchange, and wafer exchange, interferometer reset, 
and W-SET are performed like the wafer stage WS 1 side mentioned above after that. 
[0090] ** Subsequently, like the above-mentioned, in parallel to sequential exposure of the reticle 
pattern being carried out on Wafer W by the step-and-repeat method by the wafer stage WS 1 side, 
control actuation of both stages by the main control unit 28 so that fine alignment (EGA) is 
performed by the wafer stage WS 2 side. 

[0091] ** Actuation of the actuation [ of both the stages WS1 and WS2 ], 1st, and 2nd robot arm is 
controlled by the main control unit 28 so that actuation of** explained until now - ** is repeated 
successively after that. 

[0092] The flow of carrying-out on both [ which was explained above ] stages WS [ WS1 and ] 2 
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parallel operation is shown in drawing 4 . 

[0093] Since exposure actuation by the side of one stage of the wafer stage WS 1 and the wafer 
stages WS 2 and fine alignment actuation by the side of the stage of another side can be performed in 
parallel according to the projection aligner 100 concerning the operation gestalt of**** 1 as 
explained above, compared with wafer exchange (search alignment is included), fine alignment, and 
the conventional technique in which exposure was performed sequentially, the large improvement in 
a throughput is expectable. Usually, in an exposure processing sequence, it is because the rate of the 
time'amount which fine alignment actuation and exposure actuation take is large. 
[0094] Since it is premised on the length measurement shaft of interferometer systems 26 going out 
according to the above-mentioned operation gestalt, moreover, the die length of the reflector (when 
using a migration mirror, it is this migration mirror) of each wafer stage It comes out enough with 
extent slightly longer than a wafer diameter, and from a certain thing, compared with the 
conventional technique on condition of a length measurement shaft not going out, small and 
ligfitweight-izing of a wafer stage are possible, and, thereby, improvement in stage controllability 
ability is expected. 

[0095] Furthermore, since the mark location on the reference mark plate FM on a stage is measured 
in each exposure forward before alignment with the above-mentioned operation gestalt on the 
assumption that the length measurement shaft of interferometer systems goes out However long the 
projection core of projection optics PL and the pitch (the amount of base lines) based on [ of the 
alignment microscope WA ] detection may become, especially un-arranging does not have it, and it 
somewhat fully detaches spacing of projection optics PL and the alignment microscope WA. Wafer 
alignment and exposure can be performed in parallel in time, without the wafer stage WS 1 and the 
wafer stage WS 2 producing interference etc. 

[0096] Moreover, with the above-mentioned operation gestalt, since interferometer systems 26 are 
equipped with the 1 st length measurement shaft Xe which crosses perpendicularly focusing on 
projection of projection optics PL, the 2nd length measurement shaft Ye, and the 3rd length 
measurement shaft Xa and the 4th length measurement shaft Ya which crosses perpendicularly 
focusing on detection of the alignment microscope WA, the two-dimensional location of a wafer 
stage is correctly manageable at the time of any at the time of alignment actuation and exposure. 
[0097] In addition, since the fixed mirrors 14X, 14Y, 18X, and 18Y for interferometers were fixed to 
the side face of projection optics PL, and the side face of the alignment microscope WA, as long as 
there is no fluctuation of a fixed mirror location during alignment measurement and exposure, even 
if it changes a fixed mirror location by a change with time, vibration of equipment, etc., un-arranging 
[ of the position control precision of a wafer stage falling by this fluctuation ] will not arise. Even if 
it follows, for example, makes the alignment microscope WA the configuration which can move up 
and down, it does not produce any un-arranging, either. 

[0098] In addition, although the operation gestalt of the above 1st explained the case where the wafer 
stage WS 1 and the wafer stage WS 2 were moved among 3 points of the 1st location, the 2nd 
location, and the 3rd location, by the 1st and 2nd robot arm 20 and 22 When this invention does not 
make it limit to this and is [ for example, ] made to perform wafer exchange in the 2nd location, you 
may make it move the wafer stage WS 1 and the wafer stage WS 2 between the 1st location and the 
2nd location by the 1st and 2nd robot arm 20 and 22. In this case, after controlling actuation of both 
stages by the main control unit 28 so that exposure actuation of the wafer W on one stage of the 
wafer stage WS 1 and the wafer stages WS 2 and alignment actuation of the wafer W on the stage of 
another side are performed in parallel, the location of both stages will be replaced by the 1st and 2nd 
robot arm 20 and 22. 

[0099] Moreover, although the operation gestalt of the above 1st explained the case where exposure 
of a step-and-repeat method was performed to the wafer W on a stage based on EGA measurement, 
projection exposure of the pattern image of a reticle may be carried out one by one to each shot field 
on Wafer W, repeating alignment and exposure not only with this but with a die Bayh die. Since the 
relative position of each alignment mark to the mark WM formed in the reference mark plate FM on 
a stage at the time of alignment is measured even if it is this case, based on this relative position, a 
reticle pattern image can be laid on top of each shot field like the above. As for this die Bayh die 
method, it is desirable to adopt, when there are few shot fields on Wafer W. It is more desirable to be 
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based on EGA considered and mentioned above from a viewpoint which prevents the fall of a 
throughput, when there are many shot fields. 

[0100] With the operation gestalt of the above 1st, the 1st robot arm 20 one stage WS 1 Moreover, 
the 1st location, Although the case where made it move among 3 points of the 2nd location and the 
3rd location, and the 2nd robot arm 22 moved the stage WS 2 of another side among 3 points of the 
1st location, the 2nd location, and the 3rd location was explained As this invention is not limited to 
this, for example, one robot arm 20 carries a stage WS 1 (or WS2) from the 1st location to the 3rd 
location, the 1st location, When it carries and releases to the location which is other than the 2nd 
location and the 3rd location and the robot arm 22 of another side adopts the method of moving this 
stage WS 1 (or WS2) from this location to the 3rd location It is also possible to make one robot arm 
20 only into for [ of the 2nd location of both stages and the 1st location ] conveyances, and to make 
the robot arm 2 of another side only into for [ of the 3rd location of both stages and the 2nd location ] 
conveyances. 

[0101] Moreover, you may make it measure X of a wafer stage, and not only the advancing-side-by- 
side location of Y but yawing and pitching, using the interferometer of a multiple spindle as each 
laser interferometer which constitutes interferometer systems 26. 

[0102] « — 2nd operation gestalt» — next, the 2nd operation gestalt of this invention is explained 
based on drawing 5 . Here, about a component the same as that of the 1st operation gestalt mentioned 
above, or equivalent, while using the same sign, the explanation shall be omitted. 
[0103] It has the description at the point that this 2nd operation gestalt is constituted disengageable 
by two parts with substrate attachment component WSlb of the same configuration with the wafer 
stage WS 1 removable on stage body WSla and this stage body WSla, and the wafer stage WS 2 is 
constituted disengageable similarly at two parts of stage body WS2a and substrate attachment 
component WS2b of the same configuration removable on this stage body WS2a. 
[0104] While adsorption maintenance of the wafer W is carried out through the non-illustrated wafer 
holder at substrate attachment component WSlb and WS2b, the reflector which functions as a 
migration mirror for interferometers is formed in the side face, respectively. Moreover, the reference 
mark plates FM1 and FM2 are formed in the top face at such substrate attachment component WSlb 
and WS2b, respectively. 

[0105] Although parallel processing is performed on the wafer stages WS [ WS1 and ] 2 almost like 
the 1st gestalt mentioned above with the operation gestalt of**** 2 When alignment actuation is 
completed by one stage side and exposure actuation is completed by the stage side of another side 
The 1st and 2nd robot arm 20 and 22 is controlled by the main control unit 28. Are concurrent with 
being conveyed on stage body WS2a which substrate attachment component WSlb by the side of the 
stage which alignment actuation ended (or WS2b) has stopped in the 1st location (migration). 
Substrate attachment component WS2b by the side of the stage which exposure ended (or WSlb) is 
conveyed on stage body WSla stopped in the 2nd location, it does in this way, and exchange of 
substrate attachment component WSlb and WS2b is performed. Since location management of the 
wafer stages WS1 and WS2 becomes impossible in order that the length measurement shaft of 
interferometer systems 26 may go out in case it is exchanged in substrate attachment component 
WSlb and WS2b, the stage stoppers 30a and 30b come out, and both stage body WSla and WS2a 
are held in the location in the meantime. In this case, wafer exchange is performed by the non- 
illustrated conveyance arm in the 2nd location. 

[0106] Here so that it may be easily imagined from drawing 5 with the operation gestalt of**** 2 
As the 2nd location, the location where the mark WM on the reference mark plate FM becomes in 
the detection field of the alignment microscope WA as the 1st location The location where the mark 
RM on the reference mark plate FM becomes in the projection field of projection optics PL is 
defined, respectively. Therefore, the reset and R-SET, or W-SET of a length measurement shaft of 
interferometer systems 26 will be performed by the main control unit 28 with migration of a up to 
[ the stage body of substrate attachment component WSlb and WS2b ]. 

[0107] Also according to this 2nd operation gestalt, effectiveness equivalent to the 1st operation 
gestalt mentioned above can be acquired. 

[0108] In addition, although the operation gestalt of the above 2nd explained the case where the 1st 
and 2nd robot arm 20 and 22 moved a substrate attachment component between the 1st location and 
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the 2nd location You may make it the 1st and 2nd robot arm 20 and 22 move a substrate attachment 
component among 3 points of the 1st location, the 2nd location, and the 3rd location like the 1st 
operation gestalt mentioned above. In this case, since wafer exchange can be performed in a place 
unrelated to projection optics PL and the alignment microscope WA, even if it is the case that the 
working distance of an alignment microscope WA lower part is narrow, there is no un-arranging — 
the alignment microscope WA becomes the failure of wafer exchange — for example. 
[0109] In addition, although the above 1st and the 2nd operation gestalt explained the case where a 
robot arm and a so-called stage stopper were used, as a cure at the time of the length measurement 
shaft of interferometer systems 26 once going out The 2-dimensional grating is minced for example, 
not only on this but on the wafer stage inferior surface of tongue. A location may be read in under a 
stage run side with an optical encoder. As long as it can hold stopping a means by which a stage can 
be correctly moved to the location of a degree after the interferometer length measurement shaft has 
once gone out, or a stage body, by the position, what kind of means may be used. 
[0110] Moreover, although the above 1st and the 2nd operation gestalt explained the case where two 
wafer stages where it moves independently were prepared, three or more wafer stages where it 
moves independently may be prepared. When three wafer stages are prepared, for example, exposure 
actuation, alignment actuation, and wafer display flatness measurement actuation can be performed 
in parallel. Moreover, two or more projection optics PL and alignment microscopes WA may be 
formed. When there is two or more projection optics, exposure actuation of two kinds of different 
patterns from alignment actuation can be performed in concurrency, and it is suitable for the so- 
called double exposure etc. 

[01 1 1] Furthermore, although the case where this invention was applied to the projection aligner of a 
step-and-repeat method was illustrated with the above-mentioned operation gestalt, the applicability 
of this invention is not limited to this, and, of course in addition to this, this invention can apply the 
projection aligner of so-called step - and - scanning method to other aligners, such as for example, 
electron beam direct writing equipment. 
[0112] 

[Effect of the Invention] As explained above, while being able to raise a throughput according to 
invention according to claim 1, the outstanding exposure approach which is not in the former that the 
magnitude of a substrate stage can be defined regardless of the amount of base lines is offered. 
[0113] Moreover, according to invention given in claim 2 thru/or 1 1, it is effective in the ability to 
raise a throughput by carrying out parallel processing of the exposure actuation on one substrate 
stage, and the alignment actuation on the stage of another side. 
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* NOTICES * 

JPO and XNPXT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing roughly the whole aligner configuration concerning the 1st 
operation gestalt. 

[Drawing 2] It is the outline top view of one wafer stage of drawing 1 . 

[Drawing 3] It is the outline top view of the equipment of drawing I . 

[Drawing 4] It is drawing showing the flow of the actuation in the equipment of drawing 1 . 

[Drawing 5] It is the outline top view showing the configuration of the principal part of an aligner in 

the 2nd operation gestalt. 

[Description of Notations] 

14X, 18X X fixed mirror (fixed mirror) 

14Y, 18 Y Y fixed mirror (fixed mirror) 

20 1st Robot Arm (Migration Means) 

22 2nd Robot Arm (Migration Means) 

26 Interferometer Systems 

28 Main Control Unit (Control Means) 

50 Conveyance Arm (a Part of Substrate Conveyance Device) 

52A, 52B Reticle alignment microscope (mark location detection means) 

100 Aligner 

WSla, WS2a Stage body 

WSlb, WS2b Substrate attachment component 

FM 1 , FM2 Reference mark plate 

WM, RM Reference mark 

R Reticle (mask) 

W Wafer (induction substrate) 

PL Projection optics 

WS1 Wafer stage (the 1st substrate stage) 
WS2 Wafer stage (the 2nd substrate stage) 
WA Alignment microscope (alignment system) 
Xe The 1 st length measurement shaft 
Ye The 2nd length measurement shaft 
Xa The 3rd length measurement shaft 
Ya The 4th length measurement shaft 
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(54) imnzm *#£ft&tfs#t£» 



(57) [g&] 

2K«}fsn/-cS«w<D8ft**7&f;:. Xf->*WS 1 

fctf!§T\ ©^*SI5iSiSltft©ffi£<Og^cftt-£X 
'ikfc. ®^ ©> @©fcffi&J!l(cg-3^TX-r-->*WS 1 
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T, 

* 2 OCD««Xr- ->'£ffl& U 

Mlfi 2 oogffix f->'«rtO-^ll^ r- ->*fcGS 

B*ftfc»&Sfi±fcBEtt«JI£*^*fl'LTf9E-** 

it. BE20©gffiXT-^©rt©te£©SffiXT-S? 
BE-£<0g1SX T- S>«c«»S ft fc«S«R©»3fc» 

OWjS<0ffiB-4*ftfttf(WEfl!rtr«)Sfix^--S?Otf« 

»E*tasftftffinw«» WKBttifftfc«MM , ft&tf 

BEftasftfcBBffiBKS^TffiEteSOgSXT 
BlSSB k BE"? x * - y& k ©ffiB*fa**fT 

^f->'fc : SfSS£*£ttLTBEB 1 SffiX-f— >* 
fcH-TffirtfcWKB 1 *£Xf— : V timiUc®®)^ 
mm 2 SffiX r- 5? k : BEtSB%¥$ k ttffJC »** 
eft, MffifflSXr-^XttKXx-yKflMfSftfc 
ffiit«Sfi±<OT- * 5r^tB-T 5 fci6©7 5-1' * V h £ 
k : MESS 1 »EXf-3>fttfS62SttXr-$>© 2& 
KtiLmZZtiZtittMtStitbtD^&iti'ZT-lxt : B 
E 2 OOgffiXx- v^ft^ft^s KXx— >*±fcf£ 

»*ftftSaSS«»!:»LTWK«»Jt*»*^LT»Jtt 
WTfenSSftfSOXT-: 's&m®fflt*lQpftfe<Dm 1 ffi 
St, BE77-f*Vh^fc.fcDXx--^±Xtt&XT- 
-5>C#»2ftfc»SSfi±©^-*ttaaHTfeft«7 
B$©X r-5>B»BHrt©m£<DB 2 fflB k 
(DMT<&Wi2-&Z®®^®t : ffi£B 1 SfiXf->*S 
tfsg 2 IfiXf- i/(Df*J<D-?]<DZ7—iSlcUft2 tlfz 
&JSffiStfg7fc£tt£lfflK:, BEBl IffiXf->'SO' 
3 2 fi«Xf - ->*CDfl<DffcS ©Xt- ^±T'BE7 7f 
y>h5S(cJ:^T-0^aiSi^*nTftft5J:9fi:. ME 

T»W->Xf-/»o«-ilHi*^-^L-oo, BE2o©x 
■r- yoftff *»IW bfc^tc, WE»»*S«:«dtS LT 
BE-^SfcXr-^ktiWCSffiXx-^ftg* 
AftH * 5 k 3 i8%£B. 

BEfi*ft->XxA«, BEBB3fc¥3R 



mm k , BE7 ?KO«ffi«t>^T*B5tcSiS 

tcss-r 3B3i»igii!iKtf3 4 msb£*b*.* 

BEMB^Stt. buE-7? k W5 <OXt— ->"<9fi[g£A 
ft^^^^tc, HiJETj$tt~>XxA«iiJS*i«:>;-fe-y h 
?%C £%®®ttZ>®*m 1 KRBOBftBB. 

io Xf->*t : LTBEB l SffiXx— >* 

fcH-JpffirtfcBEB 1 BfiXf— SJfcttttftKBBBF 
ffcfcS^gffiXx-fk : BE«Btt*l*3&fcttSJKBtt 
6ft. bOE8«Xt— S/"±X{iKXr— >"(;:ffi}t?ft/'c 

k ; mm i Sfix-f— >*RO*32SffiX7 L — >"0 2;A 
TcfaB^^ft^'ftltiffJ-rs/c^xoTM+^XxAi: ; B 

SftfcSUSBttKSt LTME«BM£¥J&*rtLTB3fctf 
frt>ft*»3t«POXf— 5?»»BBC30m)60SI! 1 ffis 
20 k, BE77-f;*>h&K.£!5Xx-:^±X«tU-r- 
e/'fC^^ftfc®JSSffi±©v-^«ffi^tTftftS77 

S«X >' k ftBOBBffiigtttt k OM TBlSSfiO 
Sltig LA^toftft 53 3 fig© 3 «!^HT'ig;Dj? 
VM^fStt : BIBB 1 IfitXr->'S^2lfiXf- 
->*© ^ O-^© X -r- i?£D{aa HuETftlt i> X r A (c 
.fcOlS^ft. B-*©Xr-5;»cB«rStife»SS« 
K«E»BJl6***^bT^*-V*«B)tt«ft*IIB»c» 

mam i gfixf->"a^ 2 sffix^-: 

30 ©Xr-> ; ±-C ! iSfSa«©32^S0 ; Bf[E!SlCafi±O7 

HilEM^OX x- i?±OStp^ k « 
ficBKI^?:mlE7 7^ ?k<D®liy&& k BuE¥*It 
j/Xf-AOIHMBkcSr3^TH-»r*77'f > > hid 

<t*W>:Rftft5 «k ? KBE 2 ocoasx-f- i^sal 

EB»#S*MW"r*i:i:fcK» HtJE2o©X-f-i'"c0 
Bff*'fc tfc$?7Lrc^fi:, BuE2o<DXx-^±T-tT 
ftftSSifWAft^ftS.fc^^, tuE 2 owxr-^k 
BE»»^ak**JWr«B»¥9i:*Wr*B)fcB 

o 

40 [ffl*^5] >»^-y*^?ft/i-7X^^CW 

BEvX ^ CJgfig^nfc^^ - V<D»jW9B«¥JR*fl" 
LTBEB 1 MXf-^SO'S2l«Xf->"±tf)S 
JESffit|gKS)t?ft5Ck*^kf «B*«4 icE 

«©S7t^Bo 

[11*^6] BETBtt^^rAtt, BGt9B^^R 
ifflS^k, mlE77-Y^yh^©^ffi^uT'ffl5{c^ifi 
so HuESIP^Stt, BE2O£0Xr-> ; <D ; e-ft€ftfi:o^ 
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ftmW-l 0- 1 6 3 099 



m i rxs% 2 aiisw* 'j-bvf u «3ga$ 2 am^m 
y h r s c t t -t * ss*« 5 f c gs«<ogft=ggo 

wdrr set znm t & tceKostts 

fi»aW*lBME*«WillBT»i!i««* ctZftftttZ 
1 0 ] suf sulE7 7Y^>hi 

^D^te.nTi/>5cfc^@ifrsM*«2*^t9 
(D^-rn^-«»ciE«j<os7tSB„ 

[M&Bl 1] B3IE^lS«XT-i/*Rl>'^2SffiX 
- V s t |S|--spEA£ C ft 5 <DXf— i/ 1 aifcftKgllRj 

fcfc 1 ooSJOSffiXr-^Mfc^-TSc 
t5:1#SifrSaS*^2^i,>Ll 0<Di,vf ftfr-JgfctE 

«©S7fe^g„ 30 

[»«©S¥ttlft3«fl 
[000 1] 

jtowaatflMtaB. ^wtttst? 
Bjfiffiv^^sfoiBfioft*. b— m^m^nm 

IfiHSB^OS^BtcH-rs. SRj£S«£ «o 

[0002] 

xau?-*/!/ (jut, ru^^yi/j v»w 

^)tWA^?ft/c7x/NX«^7X7u- vm<om 

ffi GUT, ms. riSfSfifij Xtt l"9x/\j tfW«) so 



±K<B^r*aK«}t«B^-««»t:«fflsnT^*. 

(Wc&I&g£&g£Xx-->*±K«tSU COSiXf 
[0 0 0 3] SififCfcoT, COXf7^-lf©M 

gftgBKefc&^Jtaxfc xf-yy- 7>F • X+i-> 

^©JSKSftgfi (WAtfWRH 1 ? - 1 7 6 4 6 8*§ 

^Ke«««te«a<BtsaB3i£atB) &Jt»i$£<ffl 

5ft S^fc -5 fcS-p T f ft« C ©Xt y 7* • 7>H • X 

*7 * K* i !3 tt3tt*3R-PB)fP* * fcft. » 
U)t^©liii#g^T-£5 1 i: ttC *7-<-;b KS' 
^(cJ;S->3 -y b&©$'>fc ( J;9i8iX;l/-7'-y htfWft 

[0004] c<omnm&mt£Mfc&^T\$, mmc 

*w*p>ftT«jy, coT^i'^yhv- 

[0005] 77l'^yh-7-^^flH-r?.75'r^y 

i^ai^T4?^y7^->x/3iCfc, is^b>x^*T 

v-^«im*^*5*77^i'X>a^<Dt©fcA^S 

h dfttt, tgKU>X«S)t^»c 
»LTfeiRM©MIEA^?ftTl/^OT\ ^>7^7->X 

»C^L, *77<?i/X>3^(D77-l'^>h^?a^«, « 

[0 0 0 6] kC5T, CO«Ot9»»3t«Bte»J* 
[0 007]® SI*. ^XAD-^ffiot^x;^ 



(4) 
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[0008]© #{C, >}x/\±<£)&->3 y bm&Otfl 
L, C©ItPJ*SJgfc>'3 y bEMOSIHifcfcatJ^ 

T, ^<3i»«fl/hajRS9k:J:«tDHIKll«fT4:?T, 
(ttMH6 1-44 4 2 99*MR«*!S) , S53./1/-7' 

[000 9]© ±3$LfcEG A7jaiftCj:>)# 

*EW*ffiB»A Loo, 19«)fc39R*:fl'LTU* L */l' 

[00)0]® I»l?n/c^XAf-^ 20 

bn^p -f&to^ ®fc©fcfc«fcoT*XMSl&Egtf 

[ooi i] c<D&oic «£*oa»a}^CTtt, * 

©Iftfttf l oo^x/\Xr-^*fflv^tji'D : »Cffftto 

ntvSo 30 

[00 12] 

its ±fcLTW(ttmK)ll*«4:LT«W*ti*fe 

[0013] ctuciiau wKoiaiB«3te5ttB-ett, ± 

SB*** ^x/n£« C*-*-75'f;* 40 

te> ^xyNifttcWLT-MffA^fTaiton 

7^V77>f *VHcBT£i$Kll±. laiftECAS 

■rrsci: cneoctti:, sioT75>r 

[oo 1 4] fifoT, tsBwica, "iKtfcii-ra^Bi* so 



r'y bryy«fHt**A,TftO, !>x/n«JWB|OJH« 
ftfc ®»®fi> ®^£i£j£ (DO F : Depth of F 

orcus ) , ®mmmwm8mtf&o. mm&Rit, mt 

&g£A fcU »»U>XOBSPa«:N. A. (Numeri 
cal Aperture )£T£k, A/N. A. ICifcMU jftjfi 
SS*D0FtiA/ (N. A. ) 2 fcJt«"r«o C<Dfc 

< , jtfi# < , S)teBB<o3twi: Lrarajftjts 

[0 0 l 5] v bfHcOXT'y tTV^HOS 

iDaBo^axx-^offiBftftWiossftsffl*^ 

• x** y£S<o i 9 ftj££E8WB3fc£B0*£tt* 

xMOB3t^Bojai6A<niffiT?*«*^ taft^Siia© 

l«il±tt|5|«IWI*0*<b«:ffl*Bi#^7, SHE**** 

[0 0 16] LfrUfttf6, »«c^»±WJctt*"eft5 
5x*^l/-V3tB*ffli#^*ft»»J1SKB.<Ock5K:* 
77^S/X7-7-r^>h«««*«l^iSiBTttH 

COBflDtaBBJKaiBTtt, tt»Jtt*JR*rtLT 

-e»>x/^r— i^Ofi[B*7y^KSft< iEBJcffa 
Ls *B*ftBte*to**JHM-*ft»fc:tt, U-lfT 

*otftB*^«:ai a iwaift fc 7 ^ ^ > h mttotttii 

*iU%ii*Wfi«ifcA^Wnfti^5*c-rs^B* < * 
[0 0 17] W±J:0, ffiiELfc3O0»{t©ffl«<Dtt 



(5) 
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0, cnttSSUC»¥)4{c«ti3X;l/-y-y h*ft±.-$*£% 

[0 0 18] *?8Wtt, A^3«9(*>Tfc:&£nfc&© 
X% il#JS 1 KE«0«W©I«tt, X;t/-:/-y h£[oJ . 

±£-£3ci:tfx*£fckfcc, ^-x7-r vfifcama 
[ooi9] s/c, 81*512 4^ lj i ictm<omfi<D 

[0 0 2 0] 

& (pl) fcrt-Lxsysss (w) ±»c8jt-r*BJto5r 

teXfcoX. SlSfifi (W) *«8LX&4|SJ-©¥ffl 

ft*&mm^fcts.2-onw&.?>7--is (WS 1, w 

S2) ^rffliSL: M22O0S«Xx- 5? (WS 1, W 
S 2) ©fl<D-?j<DgffiXx-> ? (WS 1 X«WS 2) 

\cmzntzm&mwi (w) ±KMaau»«^* (p 

L) Srfl-LTmlfavX? (R) <D^*->{S*K)feL ; 

HiiHa-^affix-r-v' (ws ixiiws2) icumt 
nfeBissjs (w) ob**^ su^oosffixx- 

i/Ofi^ftWOfiffiX-r-^ (WS 2X«WS 1 ) tcffi 30 
ft?ilfcS5fSS« (W) ±©<&B£tH*v-*fclMafl!! 
^OXf- >" (WS 2X«WS 1) ±£0S¥£fc<9<4B 
Btt&RtfflL. ; h5E-?j©S«Xt-: s?c«#snfcS 

tpjfi*l»Efi»3**R (PL) ©S&fpigrtKffiBi** 

vx ^ <D^? - V® k (DfiSS^fr-e^T 5 c t £<t$B8 t 

[0 0 2 1] CtUC&Mf, 20©ifiXf-i'* (WS 

1 , WS 2) <Dfl<D-/j<Dg1SXT-->* (WS 1 XliW 
S2) te£#<*ftfc!8USg« (W) ±fCHuIESI&)t^ 
(PL) Jfcfl-LXfflSBTX* (R) <7)/^->«©B37t 

«xf— >* (ws 2x«ws 1) icGffizntzmis&w. 

(W) ±<0<iS^t>tirv-^i:f|jl^OXT-^ (WS 2 so 



xaws 1) ±os»jfii:©ffiaiaft*WM«n*. c 

nfcaBsa«±offl«^to-&T- ? tws <ox 
7—~>'±<Dmm&. t (ommmmm) t *mi l x*t 

& ? C £ X £ £ © T\ C n ?> ©iM1^ ^- > -> -WW 

Kfrfc^X^fdi^&ffiCJfc^XX^-^y K0fn)±£ 

[0 0 2 2] ^UX, ±EO-*0»»^f— 

S> (W S 2 XliW S 1 ) ±<Dg»fS££19f5)^& ( P 
L) ©fiRBBAKffiBftftLfcaaSX* (D*-©}9US 

«pjaoffiBTftRtf^offiBrn«HJB*<o«rtroWR 

&$ftBKg^Xffl/j<DgffiXx-->* (WS2X&W 
S 1) O&ttSH&U ffi^OX'r-S'KGHfSftfcB 

[0 0 2 3] C<Dfctb, ©(Offe^cDSfiXT— ^±»m 

SO»*j«i:S!Wiaafi±OiftB^t>*v-dr toffiBB 

(%«i'ttBB%) t. ©offis-rn^tbsc/sffi 

Xx— >*<D^{4a©KWOIScDXx-->*tOffiE?:ga 

o^x-f-^tJs«*nft«jssskotaB#fc#* 
[0024] for, ffj^tffflfi^'frT-i'^^a-r 

(vXi'O^^-yB©^*^) k7v-Yj<Vh^© 

*<^ct< Bnxvxt^j 5 0^5^41/ ->ox, :^-x 

kA<X*. SfiXf-^'J^ • gSfkLXfeiSFP.©^ 
S5^4<, 88(SS«0±ffi»«:»LTv-^ifl[BiH»l. 19 

[0 0 2 5] tt^2lclBBO^tt. (P 

D ^Lx^as (w) ±t><*-v*ifofr*-*B 

Jt^BXfeoX, SfSSffi (W) LX2^7c¥ffi 

nniWiimwi^ \ s«xr— >* (wsd t ; 

m. (W) *B»LTMEBl«RX^-y (WS 1) t 
H-TIrt*ME» 1 SS^f-y (WS 1) kfifflit 
K»BPlttftB2«RXr-^ (WS 2) i: : miiafS^ 
(PL) k«S'Jfcl5lten, WSBSfiXr- y 



(6) 
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(WS 1, WS2) ±XttRX'f-^te«»*nfc»5 

siE (w) ±^-^^m-r§/ci6©77i'^>'h^ 

(WA) k ; iwEffi 1 S^Xf— : >*&r>*S*!2gffiXT- 

->*© 2 aecffiBfctn* nn-iirt-* fcaoTiMf fx?- 

L (2 6) :ttE2-3©Stt*'F-5>© J tft j eft*\ 
ffi£©SI2ffiBk©iaT-&i!)2^3g®!^8 (2 0, 2 

2) k ;SfnSI£Xx-:^&o'm2S1£Xx-->*©rt© 
-*OX^-s;»j:«fip**ifc«»£WRftW3lt«n4IBI 
K, ti||2^l8tgX-r— >*RD*S2a®Xx-^©rt© 
ffi?3(0X-r-i ? ±T'BijlB77'l'><yMS (WA) 

(2 6) OW-SHI**-* LOO, WiB2O0X7 L -v ? 
©»tt*SISLfc»K, mimm^WL (2 0, 2 2) * 
M* LTt3E-7j©S$5XT-y k iSOlfi^f- ^ 

©{&b*;uib*.*wb¥b (2 8) k£*rfs„ » 

[0 0 2 6] cntctntf, (2 8) tcjct), 

«C, WWf-: ^±T'7-7-fWMS (WA) ££5 
v-£8thiWW^4"i3<fcdtc, Ti^tt^XrA (2 
6) OltSiJfiS^-^Loo, ZOOXf-^afF?: 

«w*nfcnw:» (20, 22) awnwsn, 
-77<o»sxf- k ffc>s©st6x -r~ ->*©&B©An 

HAtftrbttS. C©fc«>, -^©SSXx-^ffiiJ©!® 
MSlC <fc , X/l/-"/y h©l6]±ft<Rjf£T'355 kkt 30 

& (WA) fCfcS^-^ttiSl^MtfLTfT*? ck 

[0 0 2 7] tt$33£IB4R0ft9JH\ B$£2£Ett 
©gT^Stcfc^T, BijISTM+^XxA (2 6) ti, 

B3ies»^*^ (pl) (oae^TflSKSitKSii 

-J-SBliMfttft (Xe) RVmzffl&m (Ye) k, SO 40 

w=my\-?k (wa) ©«m«f>i&"eaa»i:SiSK:s 

STS^3iSi|ftttl (Xa) KCfflHfflftN (Ya) k£ 

ha, mimm^m. (2 8) «, hue-tj kf&frox-f 

— >*©fitB*An§AS^{C, WETiSMH-S'Xf-A (2 
6) ©Syg$fi(Xe, Ye. Xa. Y a) fc'J-tr-y h? 

■5ck£#$k-f £<, 

[0 0 2 8] CtUcintf, =Fr$fh>XxA (2 6) 

t>\ m>%¥& (pl) flDift»*i>Tffis»caiits!i 

?3£liMftM (Xe) St>'^2Si)gtt (Ye) k, 7 
v*<*yY% (WA) ©^m^T'fflStCilittcSgf so 



10 

-5S3i«ft$6 (Xa) Ktf Iff 4 SJfittl (Ya) k 

/<?-yo»)watf77'f ^ y h&tcfc stas^Bbv 

— £©&HiB$<D^1*ft©k*fc::i5l/>Tfc. 77^<D^g 
%<iSXf->' (WS 1. WS 2) ©ffiBfclEttfcS 
S-rSCkA^T't?.. £fc, (2 8) tf, -77 

rA (2 6) ©Sflftttl (Xe. Ye. Xa. Ya) £'J 

*n? f n©s«xf—^ffiB*waLTi/>/c: : F}$n-v' 

XrA©jlJ«*tf-fiWiTfc, ^F^S+i/XrA (2 
6) ©iMSIS (Xe, Ye. Xa. Y a) £'J-tr-y 

fi» ^©'J-tr-v h2nfc$Jgtt©ttBB£ffl^T8 1 > 

^ 2 ©g&x r- ^©{as^ea-r 5 c t tmmc & 

[0029] ngMMtclSKORfPltt, (P 

D *?>LT®jssffi (w) ±fc/w-y*myt?m 
n*®wi*i&&'m 1 ssxf— >* (w s 1 ) k ; sues 

« (W) £f55# LTBulBSiaffiXf— : S? (WS 1) k 
H-¥fl6rt*MIBSS 1 SfiXf— ^tli!fcfi[K»»RlB 
*S2SSXx-->* (WS 2) k : BEtaKJt** (P 
L) fctt9JK:»M-&n» tUEg«XT-^±X«KXr 

7-7f*>h& (WA) k ; HES I S«Xr— >*&a* 
If! 2 S«Xx— >*© 2 ^ffififc^ft^tttWr £ fcft 
©TM->xfA (2 6) k : buE2 0©S1SXx-->' 

©^tt^ft*. xx— >*±K«^snfcS*£;Sfi (w) 

CWbTHfESBit** (PL) fcfl-LTSSfttffiffrtt 
*B3W?©^T-S^IMEHl'J©3rS©Bl(ftBt» *8 
E77'f^yMS (WA) fcJcOXr- S^hXtiRXr 

- s>fc«j# s n^SfSSffi±©-7- ^ ^tb^?f t>n 5 7 

k, S«Xx-i?k^a5©S««liMBBk©ra-p®(5S 

«©§ttis L^Ttonns^ 3 fflB© 3 <&M,mT' : ®mz 

&2>®m^& (2 0, 2 2) k ; §g 1 a«x^— >* (W 
S 1 ) Rt>"m2SffiXx— >* (WS 2) ©fl©-73©X 
r— >*©ffiBA^BuETi$lt->XxA (2 6) (CfcD'gS 

?n, k-73©xx— >ic«^*n/-c^jcsffi (w) t 
fiE«»)t^^ (pl) ttftLX'W-ytfMftznz 

KfC, fiOES 1 SiXf-: ^Rr>'S2l«Xf->*Ort 
©ftW©Xf— v'±T'!^lCSS (W) ©X»RtfiOE!S 
JSSS (W) ±©77^^>h- ! ?-^kB3Effi73©Xf 
— >*±©*¥^fc©(4BI?a^BfiE77-l'^Vh^ (W 
A) ©ttffifcBfcfflETSHH-S'X-rA (2 6) ©ttfflB 
kfcgO-l>Tlt«iJf •575-fpO h»f^*««*ff*>n* 
^■?fCttlE2 0<DS«X5 1 -y (WS 1. WS2) RXf 

ma&wm (20, 22) ^swtskkfefc, mtz 

2O0Xx— ^©Ifi^k fetc*?7 Lfc^»c, S9E 20 
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20©Xf-ft fu!e&i/)#8 *w wr SW1 s 
(2 8) i:**f5. 

[0 0 3 0] Ctllc&tll£, MW^mc&t). -i5<om 

5>±-e»ss* (w) ©stftRtf*©£8WM)fl&ssfi 
(w) ±.<D77-< ^yhv-^ tffi^o^f— ^±©s 

9£&0OTMS7?^;<>hX (WA) Q4ft(&&£ « 
tTM->XfA (2 6) ©WMfcKa^TfHirr 

r— ^ (ws i, ws2) atf»»#a (2 0. 22) 

»f¥ t W5 ©Xf- i>tJ©^SSffi©£&&tf 7 7 -f P< 

<on±.tmfe-eih%o c<om^. mi mm. m2mmt 

[00 3 1] Sfc> W»#S-ett» 2OOXf-J?0» 
fWfcfcK»7 Lfc&tc, 20<DXr-> ; ±T'fft)n5 
»fWAtifit>SJ:5fc:. 2o©^f->*tM¥Si: 

WgtfWfcSftSMfc:, -?j<0X-f- is±T'7?-<*> 
h& (WA) £J:3v-*ttffi»ft*ttfTLT!T4$C 

[0 0 3 2] C©it&K:»3^T, ft&ft&lkt 30 

v^-ytfJRrtSftfcTX* (R) *:EteR»i\ 
WB*3# (R) fcJBJtStift/^-yoflbyifflBJ** 
* (PD .^LTBufe^lSffiXx-^ (WS l) & 

tfl2iSXr-: ^* (WS 2) ±©&fSgffi (W) 

mmriitiz <fc 3 fc lt t av\ 

[0 0 3 3] M$g 6 £EK4)8Htt, ffcRJl 5 fcgBSS 
©E)t&K£fc^T, flijieT^ft^X-rA (2 6) «, 

WEIWJtt** (PL) oa»«fi6-p«Sfc:SiEcsai 40 
tzmifflm® (Xe) &tftg2M3tt (Ye) t, m 
3275** >h36 (WA) <D«fcB4'n>T*fflSfcgilt;:£ 

2?S$3illfttl (Xa) Rlf%4mm.Wl (Ya) fc£ 
ffi'smm® (2 8) «, BufE2 0<DXf— 

(ws 1. ws2) oD^n^ttKoi^-r, Huia^itt^ 

^O^idW^CflufB^fti/XrA (2 6) ©SURD" 
»2Mfttt (XeMYe) *U-byhU mE%2&. 
■^©WftOPRKWISTiMtS'Xfii. (2 6) ©3I3R 
t/^4i»JM$fi (Xa&tfYa) *y-b«y bt£>C fc£13f 
®fcf£. so 



[0 0 3 4] cniCcfcn«\ Tl^Iti/X-ri, (2 6) 

t>\ miftmk (PL) ©a^LNT-ffl5fciliI(c$a 

•TSm I ?9JSI6 (Xe) &tfSg2i»]gfi (Ye) 7 
7^^>hS (WA) 0«Hl^T**a5tMitfc5l|-r 
33?3i!Jg$il (Xa) &tf»4ffiftM (Ya) 
TV&ctfrbs }915)1£^*rt-LT©&jSSffi±'\© 

^*-y©S)fc9$&tf 7 v** y i. sfas&fflv 

&<S1£Xx— >* (WS 1, WS 2) ©fiSfclEBSfcg 
31" SCfctfTta. (2 8) 20 

©xt-^" (ws i , ws 2) ©^-n^njco^Ts ^ 

l {ilg'x^iftO^fCTi^i+i'X'rA (2 6) ©35 1 & 
Q'^2«iJSfi (XeSlfYe) ^'Jt^U ^2filS 
^©SftCRfcTSffl-S'^i. (2 6) ©Sg3&tfffS4 
mSlll (XaRD'Ya) fc'J-fe-y tfrZ. vvf 

•>*OttS^SS L T ffc^It ^X f A©«flfttti#- a 

[0 0 3 5] CO*&fCt3f>T, 7 {CiE«©fSE 

©&Q<. MfEvX<7 (R) ©/^-V^<DJS^^L>fcmI 

(r) tm&&&yt¥% (pl) 

^filS^tB^S (5 2 A, 52B) ^MtC*-Ti.C t*< 
gSLl,\ frfraif-^ai, SK^S (PL) iOJS^ 
ffl«CjTS«Xx-S7 (l 8) ±©Bfj£©StMii:VX 

ffiH^StSXr- (WS K WS 2) *tSBft«>Ufc 
Bgt. V-^fiS^ffl^g (5 2 A, 5 2B) tCfcOv 
X^7 (R) O/^->^<0Si5tp^tSfiX-f— >*±© 
g¥£fc©&HB9ffi£vX* (R) tW&K^lk (P 
L) fcSrfl-LT&m-t-SCfctfT't^ A^S^tc 

a, fflBjie^* (pl) (om&mmft-zm&XT—is 

(l 8) ±£03t^co«^i:vx^/^-^0^4' 

&t<om&mmFi&tr*%ma.*%i \ taut lt 

S*f), COtlBTSK ^2(iJg$4®'J-t-y F*tfT4 

[0 0 3 6] ±E«lWt6^t, lS^8{c!2fg©H 
B^jm<, Mia&»«X-r-v ! (WS l, WS2) ^ 
Xt-v'** (WS l a. WS 2 a) t, C<D*<* (W 

s i a. ws 2 a) ±.icmm&icmmn&muft 
■tzmmunmi (ws u, ws 2 1>) t*eu k 
affi«}$gw (ws i b. ws 2 b) omffltttTiJH- 

fESip^t LTS«PT-^ (WM. RM) tfB&ZtlX 
l>S«#KH:. mlVmfr®. (2 0, 2 2) huIHS 
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[0 0 3 7] cn^O*f-&ic*5l>T8Wi*afcL 
ttSl«M£B2tMfc<DI») TMtltMffl^^^ 

7-k (2 0, 2 2) *Cj:^T«t]*?nTV>TtAl\ 

[0038] $fc, ±ies5ewtc^^T, TBMtv'X'r 

tf. tt««l OfcEBOREOftK* ffiESHBtt** 
(PL) > HfllB7^-f^>h^ (WA) (C, *ti«VF 

#ft£J:SfflS©BnteaaHj£B (l 4X, 14Y, 
1 8X, 1 8 Y) *»DttttTfcfiV\ li, 

oittB«tt^«Bo^»cjBH'r*Hsa©taB«»o 

[0 0 3 9] ±Eft5Wn?tt* 

SffiXx-> ? c0 2Ot0^^IStt?)nTl/^c^ IS^l 
1 tEKORMOto < , ffiESi 1 8ffiXf-V (W S 20 
1) RtfS2SfiX-f->'* (WS2) OftfUC SlSSffi 

L TbuE 2 o^lfiX f - v 7 1 IrHTB ft * c n 

[00 4 0] 

[?SWOH]&fc<Dflg!i] 

1 <D^fiSJB*S> WT> *»UJ10S 1 <D£«ra£B 
1 tt^LB 4 lc«^TBWt4. 
[0 0 4 l]Biicii,IBi ©£««Bfc«*B}fe£B 

1 0 0<D«fig*^ftT^So C<DB)16^fi lOOli, 30 

Xf7^ • 7> K • 'J if - h*a<0«/jNlSaBSB««B : 
[0 0 4 2] COSUBBttttB lOOli, I 0 P 

*X7\W%fimFLT^-^ 1 2±£X Y 2&£fl>fc»» 
pIKS 1 ifiXf-^i: LTO'JXAXf-^WS 1 

WS 1 fc«aifcXY2*7t:»lR)^»Rlfi6ftS2S« 40 
Xf-> ; ^LTO0xAXf-^WS2, 20(J)^ia 

xf-ywsi, ws 2o^n ; fn<D{4E^tf« | i-r^ I F 

»M^XfA2 6 fc, CPU, ROM, RAM, I/O 
# (Xte^-On^vtra-*) ^6tf0«B4**« 

[0 0 4 3] ffiEB9J£ I 0 Ptt, OkB^V^X 
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*StiT^4. C ©SPSS I 0 P ti, mfrt><DMKm 

(ommfti Lfc<fcoTu^^;uR^T® (^*-vjBdt 

8L XttK r F* A r F W^x+^vU-lfft^ffl^ 
[0 0 4 4] Uv^l/X-r-^R S T±£«tfFB?R<DB 

ffij (B 1 ££tt£»ffili3S73fi) , Ytt^foj (0 l lets 
VZI&miEttJfa) RZfOlSfa (XYBAOEHBfrfl) 

;l/Xf->'R s TW\ u^»/UR©/<*-y<o*4> (U 
**/HrV*) A<«Kjte*3RP L<Djfel*A e h«5ir-& 
*3«BT*U*-*;l/R*ffiBi*«> (b?-*d/75*f *V 

h) T*8i5fcftoT^4. BlT'te, COU^/U 
7 7 ^ > h ^iTbtlfcttl^^ nti/^o 

[0 0 4 5] fflBJfcWRP Ltt* ^OftttAetfU*-* 

/i/Xf-^R sT(o»ftaa*cB«*r5ziji^iPjfcsn, 

(jSWHMfcfcf 1/5) *WrSfet0^t6ffl*tlT^S o 

c<Dfctbs U^;i/R<^\£-;/££xMW±^>3y 
hB*fcOffiB^*>* (75-f*>»0 aWTfeftfcttB 

tlSfc. /^-VJB*ffiO^*- P L*c 

nfc£xMW±tcfiR2tt, ^x/NW±0*5/a-y h«S 

[0 0 4 6] Sfc, **fflHBB^«, BB3fe¥JRP L<D 
x«i7j1r]-(S] (0 l fc*5tt3£$J) offlSBitctt, £x/> 

Xf-^WS I , WS2.0»)t^Xl4^|plffl[BSaO 
S*£fc*£X05£&l 4X#BJ&£tU H«*cSBJt* 

&p KDYtt^iRj-fi'j m i M»wattas*flj) o«jdb 

[RlffiBSaoS*Pf:45 YB^B 1 4 YtfB££ftT^ 
a (B3#B} o 

[0 0 4 7] KE^XAXf- 3>WS K WS 2<D)SS 

tea, ^B^^ai^BffittStf^ti^ns^etiTe 

0, Ctl&OM^EttgtCioT^x/NXx-^WS 
K WS 2 8^-Xl 2±ffifcOHI^»5^ny (ji 
m) ittO* U77>7«:/HT*nf ti^-X 1 2± 

1, WS 2<0X$fWft-« (0 1 fCfelt^&<»]) 
tfYffcfrfRMffl (BHcfetj-StttffiJiB) Offitcti, 
tUPtlBBtal^BSn, T*ttS/X'ri*2 6fr60ffl 

ftbf-As&sst-rsfefeoewafc uTaagf ss»b 

[0 0 4 8] »)XAXr-i/WS 1 > WS 2(D& 

ffiictt. Ty*yh««*tl*nBS**lTfiD, 
rtom^KB (SttWfctt, tSBJt** P L T*a«o 
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1 2±*XY2*7C*lRlfc:»IW"*« *t£fc>^ *x/> 
Xr-^WS 1 % WS 2J&®<DV^*>y h h^-X 1 2 

bs©gx7t-*A^««*nT^So coy 

[0 0 4 9] Di/af-^WSl. WS2±fc«yFB 

tfztiznufttftT^z* &rc, Ln^o^xAXr 

-:>*WS 1. WS2±E«* ^CD^S^^x^NWtDSffi 
fcHUB£fcft*<fc3&»Pv--*«FM K FM2tf 

isi**a5^Sfc»-r s^x/nt^^^ > hMftawATit 

iSIJ-rSfeA©v-^WMA^i5K?n. C<Dv-^WM<D 

«#*rtlWI«ctW)t**PL*aLTU^^;l/Ri:0 20 

rt^So ffi»os»-7-^« FM2±*c tcnkt±< 

[0 0 5 0] Mtc, *je»jg«rt?tt, fflK3t**PLfr 

o o ommiitnfctawc^xMW*c»^?nftffiBtttti 

[0 0 5 1] *y hmmmw MiLTte, lCT' 

tt, ■AflS^Ot^ttSF I A (field Image Alig 
nment ) %<D7?<< * > hE»ajWBl/*&ftT^S 0 C 

©«HL/yX«iiiibfta*xMW (Xte»Pv-*« 40 

FM) ±*cJHS*Sn, ^^XAWlfflOW^^x 
«*IE*2BSLT^B*0C ^ D3S<0ffl«ffi±*c*XM 

c©*B»ffla6<±»i«i*a2 8ic{KA6n*. ±mptt 

S2 8?«, C0ffi#ffiBfcT»fh>Xf L A2 60fti»J 
ftfcfuS^Tr>x/\W±077'l r y >hv-*<D{iB so 
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[0 0 5 2] 7v4*V haa«WA<DXi*|p| 

HI (H iic«v«±ID offlffifcti* ^xaxt-^ 

WS1, WS 2<D75>T^yM!if^fl*OXtt*lRlifi[BS 

a<oavj:&*xB£ai 8x*w?n, hak^^ 

h^SS^WAOYfft^lPl-dJ (BHCfcttSffiffi 
M'J) OflJBHctt* 9iAXf-ywS 1. WS 2 OS 
#»ffl$0 Y $i7i ftttggiKDgm ^i5Y H^a 1 8 
YtfB£?ftTV5o 

[0 0 5 3] &*3, 7-7-Y^yhRStafcLTttF I A 
^ICP@?>*3\ L I A (Laser Interferoroetric Aligniaen 
t) Sr^L S A (Laser Step Alignment) ^OffiOJt 

75-f ^>MR««ia, {sifflMaaa^^T^fsisa 

©IS? U^;l/OBflfl*atlrt"* S TM (Scanning Tunne 
1 Microscope : ££S b VllVWmMD (31 

%tttU"f 5 A FM (Atomic Force Microscope : B?IB 

[0054] *%m&m<Dt%&myt%iW 1 o or* 

-7- *ffi F M±<Dg?T7- * R MO§t U^-^;l/R±0 
l^*;U7^*> hv-* (HS«B) ££|p]3$fc:gi 
JR**fcft0^-*ffiB&ai¥&£: LT<D W^/l/75 
-f^>h^?Sa5 2 A. 5 2 BW^nTt^o 
* ;l/7 SSJSa 5 2 A N 5 2B®tttt«9S 

K S2«, ±fS»JW«B2 8*C«tSSn5«fc5»CftoT 

W;l/77-f^V h^?Sa5 2 A, 5 2 B£W <fc«><0 
@6]^-5 4A, 5 4 *&m$&l> s f**fr7 s 7<4*y 
h»»a5 2A, 5 2 Bfc-{*W«cax v Mt2ttT\ 
-ttOHfflM&a. - >y h 5 6 A , 56B A^ricS+lTt^ 
3 0 Ctl6<DPSia^.X7 h 5 6 A N 5 6 Btt, 

At), ^0^O^7-ffiS(?^B(cA^T, 
[0 0 5 5] ^xaXt-^WS U WS 2^(5 

So 

[0 0 5 6] COTM'>7fi.2 6^ ^RB^Ctt, 0 

3(c^n§i:9^ xnh^rrpiffiHttfflfflos i ©u- 

IfTiMf 2 6 X e fc s YM^FAttBltiiffl^jB 2 <D 
+fT^lt26Yei:, X$ft^fRj{fiBitS']ffl0^3 0U- 

if^j$It2 6Xa^> Ytt#filffiBftfflE0S4 0l/- 
if r FMt2 6 Y a k«*A/-p*l«*nTt^**% 0 1 T 
ttcn6A^a«fc:=F*tt^-fA2 6 fcLTH^Sn 

[0 0 5 7] K l^U-^f z F}$It2 6 Xett, XH^a 
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]p\(DU7 7 U>X If- AX ei Z&St-fStk tic, *x 
vnXt-^ (WS lXliWS 2) OE»fl5»caLT9Jfi 

e--Ax«2*aafu cne>2*otr-Aos*f)t^- 
w-rs. 

[0 0 5 8] Sft, 3S2<DU— •f = F*tt2 6 Yett, Y 
@£g|l 4Ylc»LTl»jt^KPL01W4>'&«:9« 
YSi^lR]CDb77 UVXtl-AYei ^rJSgJ-f io 
fc, *x/\Xr-y (WS 1 XttWS 2) <D£*t®K*} 
LTifWStf-AYrf^fiWU cn£ 2#<Dtf~A£>£ 

S^TBSBl 4 YfcflTiSx/xXr- S?£MBQ 

[00 5 9] £fc, »3<OU-1f : F*H-2 6Xatt, X 
B£ttl 8XiC»LT7-7^^>h^?S^WA^m^ 
^S:ffl5X«l»lPlOU77L/VXtr-AX.i SrS*f*rs 
fcfcfcfc* Ox/nXx-S/ (WS1XJ±WS2) £>KW 
ffifcttLTfflftlf-AXazfcttMU cnS2*0>e- 20 
AOfifttfttf— oicMft & nTT 6 nfc*©T» 

HffiO«ffl*itilJ-r*o 

[0 0 6 0] *fc, lg4^U-imWt2 6Ya^ Y 

B^ttl 8 Y(cWLT75>f ^yh»««WAOtttil* 
^£®6Yiffl£flOl^77UyXtf-AY a i Sr&#^3 

OXAXf-^* (WS 1 XttWS 2) tDSW 
ffitC«LTWftkr-AYa2€rta»U Cftt>2*<D£~~ 
AOE»*tf-OK«fc6tiTT»**6tlft*<0 : F» 
ttffifcS^TBSB 1 8 Y fcJrt" * ^xaXt-^I 30 

[0 0 6 1] CCT\ U77UyXlf-AXei &tfffl!« 
tf-AXe 2 frb&zm 1 O U-tfTiMt 2 6 X eOifJg 
tt**l»Jfif*Xe. U77UVX£-AY*i&tf»lft 
tT— A Ye2 6fi!c6l& 2 <D f 2 6 Y e Oifljg 

mzmzmmm e> u77u>xif-AXaiRu : i9ifi 

t w -AXa2 fr6tf*S30U-tfT8W2 6 X a <D$J§ 
tt«B3BSttXa. U7 7U>Xtf-AY a iSt/i9JS 
lf-AY.2^&dcSS4 0U-1fTj*St2 6 Y a £>jfMS 

**»4«ft*Yafci»-5t©tr*i:, BlBMbX 40 
e fcSg2$JgteY e tli. P L 

(WBAe TfSiSfcSSSLTfeD* B3M 
gttXafcS4»JSttYafctt. 75-Y hSBffiiSW 

xy \X r- 5> OffiBMEBl cltffl T**«*3«c4oT 
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[0 0 6 2] BlfcHO. T#fh>Xf-A2 6<7DltiJfil 

tt±MWSB2 8Kfl»*tu ±«iPttB2 8 a ett£:o 

•JxT^^^LT'JXAXf-^WS 1 . WS2£ 

[0 0 6 3] B3^6feW6^&<fc9^ *SB 1 
JgfgO*§£\ ^XAXf-^WS lXtJWS2±<Q*x 

oB«««ffftt>n*Btt, ai. m2<D\y-^mm2 

6Xe, 2 6 Y eiaoT'JXAXf^^iltfii 
SfU h^«WAtCcfcO r >x^W±^fif^ 

SBMU »3, 8401/^^2 6X 3, 2 6 Y a 
^AoT^x/^r-^OtaB^SaSftSi^fc:*^ 

y h v-*0t«W*7 Lfctttt. 
nftiO ■> x; nX r— ^OKUffite 3fc6a<&&Q 
T\ = F»Itv'X7 L A2 6K£**x/\Xt— $*DffifiW 

[0 0 6 4] coft», *nm&m<o&&m%.mm i o 

Om »)XAXf-ywS 1 *B3**C{Rjgtt^* 
03tt^XAXf-'>*WS 2AHftBf£S KSSfcO 

3*jfiB-eaftfc:»B****li#Bi: LTOSfl l <du 

*yh7-A20fc, H«(c9x;^7^WS2*± 

IBBlffiBi:, »2<ttBfc, W3(fiBk03«jSMTa 
fiEK:»»*«e*»»*ai:LTOS20D#-y h7-A 

2 2fc^»»6tlT^*. Ctl6*K S20D^yh 
7~A2 0> 2 2fe±*Jffl»B2 8fCj:^T»J»Sn, 
CtlSBU *2OD*yh7-A2 0, 2 2^xa 
^r-^OffiBWWUtfCtt, «Ma±l /imggt^^T 
t^So CtlBOn*^ h7-A2 0, 2 2fcLTM\ » 

aoM^SHii5p^7 h7-A^ffli>enrt^o 

^klU^-rSfefeJC, B3*tCfiF#24A, 24BTTv 
* n*<fc 9 J5:±Ti&tf >^X h «y/^t LT«f*T»»* 

[0065] ccx\ m3&.m, mztiLmRumi&w 
iz-o^rmmcmmtzt, ^3 mm tit. ngBoas 
«B3s««o-a*«*T*«as7- a 5 0 wiaxt 

(WS K WS 2) tOHT^x/NWOSUttt^ 
ffftbna^x/\jlf|RffiB«:B*L, S2ffiBttt, •> 
XAWOD-f^>W87Lfta, -JxyNXf— 
O^XMW*C»L7 < 5^^yh*^T*totl*ttBT*o 
T^3iJgflSX a ^8 4SiJ^lflY a fctfJttCjXMXx 

-^©SJHIciftSfflOttttKU aifiB^: 
^XA(7)77^^>htfl?7L/c^ ^x/nXx- 
^©^x/NWteWLBJffiA^ffatonittBTioTB 



(11) 



WBBT 1 0-16 3 0 9 9 



19 

1 HftttX e tmzm-Sim e t^lOXAXf-^ 
[0 0 6 6] ±a?Lfccfc5lc, 03* 

K*«n*fflB*\ tJvetiB i i&fi* £2ffiB* S3 
7^^ ^ v h s?s§iw a atttuftttrt fc 2 

ttBfcLTfcftt*. ntttc* SiffiBt^ ±I2<0£»£ 

Atf, »pv-^SFM±<DV-^RM^ta»Jt**P 
L©tfflK««rtfcft*ffiB*» 1 LTtfiK 
[0 0 6 7] #tc, ±iSO±otcLTB*«ftft**«i 
BBOlSBBKttBl 0 0O^*Wft»ffO»n*WW 

rs. 

[0068]® suffix LT, »)XAXf-^WSltf 
S3ffiBfc*D, «>XAXf-^WS 2A^lffiB«i:fe 

[0 0 6 9] $?\ ^XAXf-^WS 1 £{g&7-Z* 

7yf«m fcBB7-A5 0fcfcJ;oTf»fcHI*fc 

Sift ftfca^fe<k3^P#'y b7-AOffiBi*4&a« 
tt«fa± 1 umttTSOT, «B&7*-A 5 OOftMft* 
»StE:ni:S(£|SlSST*a&5feOi:-ra 0 C<D^x/\ 
2SMcjteJ!£oT\ ^i/NWtt^BSO^UT^^f^Vh 
ggtc£0X, Y, 0^fa*c«l(HftBi*»A^StiT6 
i>x/^r-s;±'\eOD-FffiB*<**< , fti«c 
fcttft<> »RtfS?pv-»«FM 1 *C«-T5^x/nW x 

[0 0 7 0] C(D^xa^ v ^XA7f-^WS 1 
ttU— tfTiSWfTfflBtfBasnTl^t^ Sl<0n 
*«; Otf^XAXf-^WS 1 £«g*TI/>S 

<0T\ -)XAXf-^WS 1 tfB#4Brlc?7< £l>9<k 

issi'r^ i Jx7^^ti#±Lr^^t^fc-r§ octf 

[0 0 7 I] ^X/NS£ft (^X/N^f-^WS 1±^\<0 

•)xaw<Od- K) #**7"f£i:, ±*I«*B2 8T 
li> SlOo#7 hT-h 2 0*»MPLT«>x/\Xr- 
yws l*B3*»c*Bl»zRSn4B2ttB^»S 
dOttBT, S3, »4©b— 9 r Ti$It2 6Xa, 

26Ya*W*K l J-fcyht"*. COU-by htfllTf 
St. Sl(&n#-yh7-A2 0ttCC-eOfiB£»x. 

£<DT\ BSlOosK^ K7-A2 0tt±*JO»B2 8 
yws 1 *BttT»Mfc6&ft^<mfc?S»2FftS« so 
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[0 0 7 2] ±gHOSfS3, »4(0U— !fT*«-2 6X 
a, 26 YaClHry b**7&> 2 8 ?ttT 

$ft2 6Xa, 2 6 YaOftfflB**x*LOO, *X 

i*2 0fc:i*B2ttB^OffiB.a»B*tt, 

U -b y h«ttT^*©T% *<D»eio. o 

1 MmfiB^W^BW-B (»>XA7f-s;wS lO 

ttBBB) »ca^^Tfl[B»jiP*^B"p*o, 

t, 75^*yhB««WAfcJ:S^-*WMttMfcfc 
ottMSit^x/NXf-^WS ltffflBftfeStt 
£ 0 4*5, S2ffiS£> ^XAXf-^WS l±cQg*p 

A©Bffl««rtfcffiB»»*n*ffiB*c»s , r*«*«c 

[0 0 7 3]^, 75>f *VhSB»«W A fc<fcoTK 

77-r^>hB«BWAOttffl*iD 

x . AWy ) OTH-NSft, ±»JB«B2 8TttcottW 

*<D3S3, S4^b-1f : f^It2 6Xa, 2 6 Y a Oft 
»M<D¥J3ffi (Xo . Yo ) **A*o cmc£0U- 
IfT^W 2 6 X a , 26Ya OSHMBtf (Xo —A 
Wx . Yo - AWy ) *7&t t ZM^-tfa? M 1 ± 
Ov-i7WM^7^>T^y hBB«WA©«ffl*4> 0B 
«*i,0 0*Tfc^*C ±IE^S3, S4 

U— f 2 6 X a , 2 6YaO'J*7hftO-l 
©ttftftfilTfcJS^TttW- SET fc^-Kt^t-TSo 
[0 0 7 4] C<D<£9(CLT, ^(O^XAXf-yW 
S 1 It^x/Nm T»ttU-by h&tfW-S ET<0 

[0 0 7 5] -T&to-S, »)XAXf-> r WS2lt 
<0&D< X 5l2<Dn#y F7-A2 H&BNi 

BanrfetK c©BiffiB^offlBi*«)fflWti±i u 

miWlgTlT^btlTt^o C<D35HftB'\0*x 

AXf-S/'WS 2 0WS7t5kPI^, 

12 8TH»1, S2©U-1ff»tt2 6Xe, 26Y 

[0 0 7 6] COSK Sg2 0U-+rFi$it2 6X e. 

2 6 YeOU-b'y HWHTTr**:, »2 0a#vh7- 
A2 2ttCC-eO«B*»^S<DT\ K*20n*7h 
7-i*tt±»]»iKB2 8^60fi*»ci6i:T5FBa«©B 
Mfc^O^XAXf-ywS 2*BnT»BK&64 
i^fflBfc^BSn*. 
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[007 7] #tc, ±mm^m2 svitu-^m^z 

6 X e , 2 6 Y e OltiBlfifc-fcx* too, :gtgv-/7 
|g F M 2 ±<Q V- >RMtf, P L £>«f(5ia$ 

rtT?Uf-*/l/RK*J««tlT^5 UfW^-f^yh 

fc* ffiHfttoSnsJ:^^ UxTt-^ftLT.^x 
/xXf-^WS 2 0ffiB*MW"*« COW, SS20 
D#>y b7-A2 2tc«k*S 1 ffiH^OffllBi*«>«ft 

- y W S 2 <7)£3« t g¥ *fi.FM2 ±0 v- $ R 

MfcO»tt±0«»ffifil»«) fc»^lr^Ttt«i»*WI 
16*?* Uf-*/b7v^*:/hP»»5 2 
A, 5 2 BTUf^;l/77^^V hv-^fcS¥v-^ 

[0 0 7 8] #fc, b^^;W7^^p<>'hTOSl5 2 

A, 5 2 Bfc<fcoTU^*;UR±OU^*;l/77-f><:/ 
h V- * tS$7-^fiF M 2 ±0 V- * R M<Dftlt?$ 20 
Pi (A R X, ARYK Tftb%l»3e**PLO«B 

OSIB^nl^^S^XMX-f-^WS 2±0»PjST 
feJSS^V-^RM^DtOiaB-fn.CARx . A 
Ry ) AWMStl. ±fM»SB 2 8 T*tt. COW;l^ 
75^*>h«MB5 2A, 5 2 B 0»SHI»fc 0 i&tf 
fc^t, WOb-^Ti$it2 6Xe. 2 6YeO 
mm (Xi . Yi ) *K*ffiS 0 CftfccfcD, U-1f 
T»lt2 6Xe. 2 6YeOtt»Jtt*< (Xi -ARx. 

Yi -ary ) fc-&afflBAV u**;U75*f*yhv 30 

- * t V- ^7 tg F M 2 ±^ V- ^ R J: 5 if IS 

L*^LTBft5ffiB-e*4Cfc*^«o 
±BO»k- B20U-1fT#tt2 6Xe. 2 6YeO 
'J -fey hiO-SOiiMim^^Ti-iR-S ETt 

[0 0 7 9]®^ ^XAXf-^WSiiWxA 

[0.0 8 0] t&t>*>s WjSUft»3, 3S4 0U— «f=F 
j$ft26Xa, 2 6 Y aO'J-by M£te* ^X/nXx— 40 
^WSlOMli, U-lfT »I+ 2 6 X a , 2 6 Y a <D 

fflBOtfW*, T»tt2 6Ya, 2 6Xa 
OIHIlB**x*-LOO 'J z7t- LT £x/\X 
r-^WS l*IK^»»l/T, 75'f*>hWtt«WA 
Ottirtfca^T (Xa, Ya) gSSUiT^Tftf- C 
Ot&&, S^Pv-^tgFM 1 107-^WM*77^^ 

v h^fiS&w A o^ffl*^OS"Ftc*S i: * OT »lto 50 
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ItifWffi (Xo -Ax , Yo -Ay ) tf*$oT^ft 
«K COlfc, a^^WA^77^^>K-^ 

Offl«ffiBORttfii:fcSr3'v>T^x^w±0*75-< 
^>hv-^€:^xy\75^^VhlS»aWAOttffl« 
«l^tcffill^^§^^tC^b-1f : l : r$It2 6Ya, 2 . 
6 X a^Wmt^Om^Bt^MitC^Ji/^^-i/^ 

^stcs^>T^x/NXT'--> ? ws lAw^n^n 

[0 0 8 1] -JxaWOX, Y, 0O{uS£fc>^Ofc*!> 
tct±, Bft^tXttW^-*2fflfcY«-«iJ*7--*lffl 

(SfcttXttSlv-* 1 <@fc YltiM*?-* 2ffl) *ItiM 
HfcLT. -iStt±*c»^XitiBJ^--^3ffltt±, 

amcst^ y it»iv- ^ 3 ffltt±©tt»jtfffa-bn* t 

[0 0 8 2] *LT, C(DmmLr&yy7)\/i'a v h 

tor?* Oxav-w ffiHi:&it±o 

2/3 y h««OEWr-*i:*/tiir*T* M*tfl#KI«6 
1 -4 4 4 2 9^«lf^Bfl*?nSJ:-5fta'he*}S 

5t(C*i6ftI^- ^fi F M 1 ±Ov - ^ WMA^7 7 ^ 

* > fww a otta+i>osTfc*fc t to^am- 

<D<6 (Xo -Ax , Yo -Ay ) £M££oT, g*Pv 
-i7ffiFMl ±oa*v-*WAfc8*fc-f *r-*£ 

SFM 1 ±<0*7-^ WM^^XAW±^> 3 y 
[008 3] C<D£5(CLT, -JxaXt-^WS 1 dj 

T77-ry77-r^>h (ega) tffTfttoftsotM 

Uf-*7l/RO/**->Bfc£XMW±OS/3y 

[0 0 8 4] -fftfc^ ±*]fflgfi2 8T*tt±HOffifi 
■fhKaottiWgBi:, *©fc*0-)x;^f-yws 
20^«{4B (Xe, Ye) fc, ^»77-f p<y Mfcff 

2±OS*v-^WA3&Sipf:'r5*^3 * hOB2?itf 
ax-^ttca^T, =F*It2 6 Ye, 26XeOft 

ffiB«i:{ftB»«>too, B8^*?grtOS/ir*y*«:BBEa 
*JWL&*^, Xr^« 7VF • 'Jbr-h^T'U^ 

^;W^-y?:»>x/NW±*cira^i8)tt"So cct% •> 
xaxt-^WS 2±Or>XMW*cW-rsB3tfc^3io 
T> T»tt2 6Xe, 2 6 Y ei'Jty MT^5 (=F 

¥^-^SFM2±0^--^WM^T-^RMi:OfflS3 



(13) 



ftffiW-l 0- 1 6 3099 



23 

*yb (ega) icx^tti^tmmcLrmm^-^^ 

FM2±^V-^7WMi:'i7X/NW±CO^S/3 v hnltgO 

-UK *fT»»t2 6Xe. 26Ye<Dft 

[00 8 5]© ±a?£0<k5lCLTs ^XAXf-^W 
S l«-e77-075-f^yh (EGA) W*7U * 
XAXf—>*WS 2fl]T*£x/NW±<D£T<0v'3 y hB 

Uf-*;l/^*-y©B3tt* , ll7 , rsfc, £x 

»»U ^x/nXt-^WS 2^-)XA^liliT^5 20 

[0 0 8 6] -Tftt)*, -^xaXt-^WS 1 tt±fH» 
SH2 8frZ<D^lzfc\;Tm I <Du$v Y7-L2Q 

B^0ffiB»»»l»fc± 1 u mHTO»«T*ff4toft 

§o ccomi (asi^o^x/NXr-^w s i 

7T*i:flWfc:, ±MM6B 2 8 TttJB K ^2<DU- 
*rT#tt2 6Xe. 26Ye*'Jtyht5o 
[0 0 8 7] coy -try hff»7f*4:, «lOn*y 

h7-A2 0(i±s«]ffi)S§2 sfr&ojg^toscr 

[0 0 8 8] #lc, ±HPWttB2 S^ttftfciE^fc^x 
AXf-^WS 2flJfc|p|«k:LT, R-SET£ft& 

-^FMl±^-^RMOffl» (ARx, A R 
y ) , fft*>-5t8»ifc¥&P LO»l5««rt03fSOS 

5»)XAXf-^WS 2±OS^Tfe^S?Pv-i7R 40 
M+AfcOttB-fn (ARx . ARv ) &XfC<DQ.miF 

nmrnvxr-ismmiiLm (x. , yi ) anmiisn 

So 

[0 0 8 9] ^xmXt-^wS lWlT±SE©ct -5 fc L 
T* TfcWty-fey h&tfR-S ETAMftoftSlfflK/4 
M2 8*>6<D«^cjSi:TS2 0n#^ h7-A 
2 2ftWJtt»flFft^»7Lft«>x/NXr-^WS 2£?S}S 
U ^x^Saoftft^x/NStfBLffiB (Jg3ffig) 



24 

-try b&tfW-S ETffitotlS, 
[0 0 9 0] © #^T\ ±ffl»«fi 2 8 T?H\ 353?*: 
nttiC. "Jx/vXf-^WS IMVX'TV?' T> K • 
U h7j^TU^^;l/^?->*^x/NW±JC«H^S 
JtSnSOfcMfrLT, !)x/\Xf-^WS 2ffi!jT77 
-TV7^^p<yh (EGA) W4bnSJ:5lCSX7 
-y"^iMt£»T£o 

[0 09 1] ®^cQt&tJ; x Ctt$-eWHWUfc®-©0 
Th SXf-i/WS U WS 2<D»lf^ SK g!2<DP 
[0 0 9 2] «±KWLft, ffiXf-^WS U WS 2 

So 

[0093] &L±xm Lfccfc 9 *m 1 ^asjesBK 

&3&^g£)fc^gl OOKJiSfc. «>XAXf-^WS 
1 S[f")XAXf-"$/WS 2€>rt©-#0Xr-5/ffl!J0 

Bttftft t W5 <o x f - i?m<o 7 r y 7 5 -r ^ y t m 

[0 0 9 4] Sft, ±E*tt#tSfcJ:*i:* TMtv'X 
fA 2 6 QMfiNltf«Itl« C £ fcmtff £ LT^SO?, 
&^XAXf-^5ffl (»lba«:ffl^S«$»e» 
MB) *xy%Bffi<fcOfll^Kft^«r+» 

£ LTV>fcft3fc«ffiKjt^T, ^XAXf-^J« • 
[0 0 9 5] 2 ±g2§gffi^ffiT*&. T^fhyXr 

4^ 1 7 5 <f * y b mm&w a otttu *i& t (o*>bmm 

m (^-x^^ys) «^<6S<ftoTt1$fc^«^ 

ttfc<, }S157t¥^PL^7^^^yhSP?SSlWA(Offl 

m*»*a*+»fcBLT, •jiAXf-^ws 1 

x/NXf-yw S 2 t tf T C k4 < , ^x 
#T*# So 

[0 0 9 6] Sft, ±EH«He»Ttt. «B3tt*3RP L 
OfflK+^TBBKSSBT *» 1 S'JSttX e 2 Hft 
iYe, St/7v^p«y hBBBWAOtttfl+oTSB 
tC!2S-rS^3Si|MttX a fc»4»JfiUY a^T^tt^ 
Xr^2 66<B*T^*Cfc^6, 77^^>MWW 

stfB)K«FOv^-rno^(c*5i^T t ^xaxt-^ 2 
*7cfflB*iESiJc«ffl-r s ctmso 



(14) 
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[0 0 9 7] CtliCtUK, P L OffiiJB, 7^ 

4Y, 18X, 18Y*i£Lfc(li:ft^, 

hft»J** S^tcH^figO^iftA^^ISO, -Etc 

[ 0 0 9 8 ] ftfc, ±EB 1 OH)««flB7»U:, B 1 > B 10 
2<0n4W F7-A2 0, 2 2tc£'K *XAXf-*>* 
WSK «)XA7f-'>'WS2^H41, B2{5^& 
B 3 (u^cO 3 JfejSfflT*»ft*-fr5«^i:ou^TSiM L 

B 2 fiST")XASft«T^ 5i5 *C*f 5«^lcti, B 
U S2OD^vh7-A2 0, 22fCcfcO> £x/nX 
t-^WS K *x/\Xr-^WS2*BlffiBfcB2 
ffiBBT»lfcS**J:5*cUTtA^. c©Wlctt, 
±SI8P8B2 8Ttt. •)XAXf-^WSiaff')XA 
Xf-i/W S 2 0fi0-£<DXr--S'±G> , >x/\WOB 20 
TtSftftt MCXf-^tD^xyNWO/^^ ^ y h 

•PLfcttlC, BU B2©D#<y H7-A20, 2 2 fC 
J: (5 PSXf- ^OttB* AtiB A * c i: t ft 60 
[0 0 9 9] Sfc, ±EB 1 0*aHBB"Ptt, E G Alt 
Wta^TXry y • 7* H • 'J K- h*SOB)t^ 
Xx-^^^x/NWfcWUTfffetiSii^tcoi/^TW 

5**>K BJ£*BDBLft#&*x/%W±0*3'a 
hB«lc0*Uf-*;UO/^->«*S«B)lfiLTt ao 

*77-r^-yhv-^0*B»ffiB*W9J*tl«0T, c 
OfflWfflatcS^t>T±IE^|5)^tcLT, #^3 y hB 

**Bj^6**Tffi»LfcBG Afc«fc<M6f**BS:L 

[0100] St, ±taB 1 oBittiSttT***, B 1 op 

#y h7-A2 0tf-S<OXf-S/WS 1 £B 1 ffiSs 
B2fflBatfB3fflB0 3*jSlH"P»»S*, S2OT 
tfy h7-A 2 2tff6S<OXf-^WS 2 4S i 
B 2 ffiBft tf B 3 fflgcD 3 «JSH|-P»ft« « *B*teO 

t^TKBBLte^ *«W*i:tiK:B)6*ti*c&tta 

<, mif-^o#7 b7-A2 0 tfXf-^'WS 1 
(XttWS 2) «B1 ttB^6B3fflfiST»B-KB^T? 
BlttB* B2ffiB&tfB3ffiBWn©ft*«lfi«r-a 
A/Z?ttU «rtrOP#*y h7-A2 2AlXf->*WS so 
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1 (XttWS 2) *COttfi^6B3fitBS 

A 2 0*»Xr-SrtDB2ffiBfcB 1 <2S i: <D88&W/B 
fcB2fflfii:<0«aSWfflfr*ci:tBnilT?fi«. 

[0 10 1] Sfc, T#tH'Xf-A2 6*Bj«*6&L/. 

[0 10 2] <B2<D$B&B> *»BBOB2 0 
BB«B*B5fc:»r3c^TKWr«. ccx\ mfSELfc 
B 1 0BB»»fcHH£b< ttW«0B**#fc:o^T 

[0103] ccomzcommmmu, ^xaxt-^w 

S ltf, Xf-^ftWS 1 at L^Xf-^ftW 
S 1 a±fC#»ipJ^ft|5]-^ttOS«{S^SP«WS 1 b 

k©2»»fc:»)iqrB»cB«Sh, n«fc*x^x-r- 

i/\NS Zt>\ Xf->**ftWS 2at C^)Xf->'* 
#WS 2 a±^BN^Bftn-B«OBSBl«WWS 

2 bfc02»#*c»BpIBK:B**tiT^5jSte«fB« 

[0 10 4] SffiftftglfttWS 1 b, WS 2 b£tt> 

xAww^^xA^^mitKiS^^nr 

««&8MtWS 1 b, WS2bKtt, *0±ffifcgtpv 

-jsfmk FM2#*fteft»tte>nT^3 0 

[0 10 5] *B2 0*«JBBT«, ffliS LfcB 1 OJB 
BkStfBBfcLT, 9x;\Xf-ywS K WS 2± 

yHfttf»7U B^FOX^-^BTBaUftfftfBT 
LfcBfodn?, ±M0£B 2 8 (c J: 0 B U B2©n#v 
b7-A2 0> 2 2^WJBStl, 75*f;<yhttttA<» 
TLftXr-yiOlSBWWWS 1 b (XttWS 2 
b) ««B]ffiBTff±LT^*Xf-y*#WS2 a± 
(c»JM ZtiZVtffii LT, BJfeWTTLfc* 

r-SHBOBBBttBttWS 2 b (XttWS 1 b) tfB 
2ffiB"F#±LT^SXr- ^*t*WS 1 a±K8B&2 

tu cv&oicisTmmmsmws i b, ws2bo 

S»*<tf *>*!*• SfiW«WS lb, WS2btfS 
^^n§K> TMt>X-r^2 6©Mfi«*i«jnSfc«> 
^XAXf-^'WS K WS 2<D{4S^a^ ; pBgtfta 
<0T% fOfflttXf-yxh7^3 0a, 3 0b*<ttT 
?TSXf-^*#WS 1 a, WS 2 a«r^O{uStC« 

[0 10 6] CCV, *B 2 <0S&»»ffi1?tt, H5^6 
F MiOV-^WMtf 77^^ V HS1WBW A 



(15) 
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>} '« F M±©V-^ R Mtf $S&7fc^ P L OtSEfflttft 

fcft£<aE**^n ; ?4a5£i6e>:ftT*59, UtoT, £tHi 
g§2 8C«fcDS«&#6M?fWS lb, WS 2 b<0Xf 
-v'*t*:±'\(D^ifti:i:tK : F^I+v'X'rA2 60i»Jg 
fftOU-fe-y h&Q'R-S ETXtiW-S ETtftrfttott 
&C t £ftS„ 

[o 1 0 7] cnmzoi^mmL^x^ m&^rc 

[0 10 8] ftfc, ±E»2©**»»-Ptt» *K S 10 
2 On* -y h 7- A 2 0 , 22 StEfitftflttteft 1 ffl 

Mil, tg2©ntf-y h7-A2 0, 22b\ mMLrzm 
fil/N, C©«^Ctt, fx/^»*!ffl»Jfc*£*PU 7 

sot*, wj^ffr^-fyy hpaawAT^o7-*y 

[0 1 0 9] ftfc, ±ffigl, S20H)5S^»T*«, T 

Wf'^fi 2 6 -£ 3 fSOJtSg fc L 

T, n^hT-A^, Xf-^h7^45t©*ffi 
ffl-TS»^KO^TKWLft*», cntPiS-f, fflfcfcf 
^x;\X7--S/TB{C-^7t'7'U-X'«'>^^T*fe 
t, 7f-: ^^^ffiOT^^Tt^StOx^n-^'cfc*? 

<uS£^*HX^Tfc&<;, T#It««»W-flWifctt 
iT'Xf- v^^Oftg'NiESt fC gift 2 Hi 3 C £ A* T* t 

3:<$}#T'£3t,©T-&n«f, 5ltf5Ifc33Ma£ffl^Tt,ft 30 

[oiio] tfc, ±tesm , S2onffi^Tii, a 

«±H»* T 9 x/\X * 3 o^tt fc^-g-fc 

*^ p l ^ 7 5 ■< * y v mum a *ttMv?TAc\, 

[0 111] MK. ±IHH/iJB®T*'i, «*'Xt7 
7'7>F- 'J tf — h^O&KSft&gKigfflSnfc 

3fcOT*«ft<, #£Wi^fc>»*3X-r-y:/- 7VK- 
at+^jSO^BTtSBttitoMk COM, 
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tOT'feSo 
[0 112] 

fgfElCfcntf, X;b-y-y h^[6]±*-a-SCtA*T-$-5 
fcfcfcfc, ^-X-^i'yfflfc^M^tcSffiT.r-i/'O^ 
Z t £££ 3 C t tfT * 5 1 V o ft*f£ ft l^flEftfcSft 

[0113] sfc, W5j<a2ft^Li ncEMonne 
<tntf, -^ostsx7-—>*±oiiaji£«iffi:fa7?ox7- 

- ->*±0 7 5 -f V HJ)f^ t ZfflrW&t 3 C t ic H 
[0fflO(Sf^ftsttBfl] 

[0 1 ] m i ©ia8«*k:«*8)iatHo^(tt)ija*« 

BSWK^-THT-a&So 

[02] El 1 O— ^O^x/nXt— ^oa88¥ffil2T** 

So 

[0 3] 01 cD£B®tttt?ffiH-e&£. 

[04] 01 ©^s^fcHtsi)jftoegn^-r0T'fe 
*• 

[0 5] Sg 2 O^BfSfcSTtgSOiggBO^fig** 
•T1llBS¥B0T*$.So 
[ft*§©fitt9!] 

1 4X, 1 8X XWlfeffi (@£8D 

1 4 Y, 1 8 Y YHS& (@^) 

2 0 WlOn#y h7-A 

2 2 S2 0n#yh7-i »t¥S) 
2 6 TMi'XfA 

2 8 iiWge (»JW^8B 

5 0 J8&7-A (SffiDfiSS^HSO-gP) 
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